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PIECING-UP On a carding engine fitted with the Shirley Pressure Point system. 


The doffer cylinder region shown is the chief point of dust liberation. Part of the cover is hinged 
back to allow piecing-up the cotton web, and this is illustrative of the way the system has been 
designed to avoid interference with the operating of the carding engine. 
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THE CONTROL OF DUST AND FUME IN INDUSTRY 


FOREWORD 


THE papers comprising this issue of the Annals of Occupational Hygiene were 
presented at the Tenth Conference of the British Occupational Hygiene Society 
which was held at Sheffield on April 14th and 15th, 1959. 

The Conference took place in the Stephenson Hall of the University and was 
followed by a visit to the steelworks of Messrs. Steel, Peach & Tozer, Ltd. Pro- 
ceedings opened with an introductory paper by H.M. Chief Inspector of Factories 
which was read, in his absence, by Mr. R. HiLuier, H. M. Superintending Inspector 
of Factories, East and West Ridings (Sheffield) Divisions. 


INTRODUCTORY PAPER 
T. W. MCCULLOUGH 


Ministry of Labour and National Service, St. James’s Square, London 


Tue general title of this Conference is “The Control of Dust and Fume in Industry”. 
This is an extremely wide subject, which occupies the attention, and must continue 
to occupy it, of those whose duty it is to concern themselves with environmental 
factory conditions. It is clearly a matter of special concern to H. M. Inspectors 
of Factories, charged as they are with the enforcement of the will of Parliament 
in these matters. I think it is safe to say that there are few classes of factory from 
which the problems of dust and fume are entirely absent. | myself was one of those 
fortunate ones who in his early days as an Inspector had the privilege of sitting 
at the feet of Gamaliel in the person of the late Sir Thomas Legge, our first Senior 
Medical Inspector of Factories, and I heard him say in University College in Gower 
Street as far back as 1926 that “any dust if breathed in sufficient quantities can 
be harmful’’. That was in 1926, but Legge of course had been in office as the first 
Medical Inspector of Factories from 1898, and there is no doubt that to him must 
go a major share of the credit for focussing public attention on the hazards of 
industrial dust. As far back as 1903, when life in many ways was less complicated, 
Parliament took steps by means of Regulations to deal with the lead dust 
generated in the process of file cutting by hand—an industry largely carried 
on in this city. In those days the worker placed the blank file in a bed of lead to 
stabilize his job while cutting the grooves and the repeated action of his hammer 
on the chisel in turn caused the dust to rise to his breathing level. I mention this 
because file cutting by hand has largely disappeared, but I think those Regulations 
were one of the first milestones on the road which we are still travelling. Further 
Regulations were introduced in 1905 for processes associated with the treatment 
of wool, goat-hair and camel-hair, with a view to the withdrawal from the work- 
room of dust which was generated in the process and might be contaminated 
with spores of anthrax. This was followed by further Regulations in 1907 controlling 
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the use of horsehair. The products of China, Siberia and Russia were specifically 
mentioned in these Regulations. From this time onwards the examination of the 
list of Statutory Rules and Orders, and later Statutory Instruments, provides evid- 
ence of an increasing recognition by the legislature of the need to deal with the 
generation of dangerous dusts in diverse industries, and the danger of lead poi- 
soning looms large in the record. 

The process of lead smelting and the manufacture of certain lead compounds 
and their use in certain industries came under review. The industries I refer to are 
potteries, the manufacture of india-rubber, the manufacture of electrical accu- 
mulators and the use of vitreous enamel, not to mention the painting of vehicles, 
the manufacture of paints and colours and the painting of buildings with lead 
paint. The success that has been achieved in the field of lead can be illustrated by 
the reduction in the cases of lead poisoning notified to the Inspectors, which fell 
from 1058 at the beginning of the century to 55 in 1957. 

Siliceous dust was another cause for anxiety and for that matter still is. Regula- 
tions now exist to deal with this risk in potteries, iron and steel foundries, the manu- 
facture and treatment of refractory materials, the grinding of cutlery and edged 
tools and of metals in other industries, vitreous enamelling and so on. It is not 
without interest in this connexion that the workers for many years previously had 
recognized in their own way that there was a risk to health associated with their 
work. “Grinders’ Rot’’ was a common phrase in Sheffield at a time when the 
expectation of life of the Sheffield grinder was of the order of 35 years, and in 
the Locksley Valley not far from here silicosis was given the name of “Lowoods’ 
disease” from the name of a factory operating in those parts. 

Far be it from me, however, to take up time with a long catalogue of the Codes 
of Regulations which have been introduced over the years to deal with the dangers 
to life arising from the existence of harmful dusts and fumes in industry. My purpose 
will be served if I mention that similar legislation has been enacted to provide pro- 
tection in certain processes against such vapours as those of benzene, carbon- 
bisulphide, carbontetrachloride and other light hydrocarbons, sulphur chloride, 
chromates, nitro and amido compounds. 

The control of not every dangerous substance has, however, been the subject 
of Regulations. The vast output and great complexity of the products of our modern 
chemical industry would now make such individual treatment a virtual impos- 
sibility. Modern agricultural pesticides alone outnumber by far all the dangerous 
materials that were catered for in the past and these substances, most complex 
in their chemical structure, are often deliberately chosen for their highly poisonous 
effects on the lower forms of life. This means, I am afraid, that in many cases they 
are very dangerous to man. To control such dusts and fumes, the more general 
provisions of the main Factory Acts must often take the place of Regulations and 
I refer especially to Section 47 of the Factories Act of 1937 in this connexion. 
But it is not enough to rely entirely upon legal enforcement. To that must be married 
the increasingly enlightened outlook of modern management on these problems, 
whose attention is drawn to the risks and methods of dealing with them by the work 
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of Societies and Associations such as this one, as well as what I might describe 
as the evangelical work of H. M. Inspectors of Factories. 

The principles that guide an Inspector in dealing with the control of dusts and 
fumes in industry are essentially simple in character, although their practical 
application may not always be of equal simplicity. When faced with the use of 
poisonous substances in a process, the first consideration must be the possibility 
of substituting a harmless, or at least a less harmful substance. For example, alum- 
ina has replaced silica as a bedding in pottery saggers. White spirit has taken the 
place of carbonbisulphide in rubber spreading and petroleum fractions have often 
proved to be a good substitute for benzene in a large number of solvent processes. 
Control, however, means ensuring that the harmful dusts or fumes are not breathed 
by the worker and do not come in contact with his skin where they would 
be hazardous. The danger must be prevented from entering the air of the 
workroom. This can best be achieved by carrying out the process in a plant 
completely enclosed and isolated from the workroom. The modern glove box 
is an example of this technique. Their use has recently had a great fillip for 
the handling of very poisonous materials, including radioactive substances. With 
the use of slave mechanisms the worker is now able to carry out operations 
varying from simple hand sieving to the use of complicated machines inside such 
a box. I myself have recently seen at Harwell some uncanny examples of what 
can be done in this way. The dangerous material can be passed from 0. part 
to another through a succession of closed boxes if necessary and finally U: put 
in a sealed container without at any time a worker being exposed. Generally, 
however, it is not necessary that the precautions should be so severe. It is usually 
sufficient if the process is conducted in a booth or cabinet or fume cupboard of the 
type that we used at school, in which an opening is provided for the purpose of 
manipulation under exhaust draught carrying fume outside the workroom altogether. 
Clearly the smaller the opening in the enclosure the more effective will be the result 
and, at the other end of the scale, the simple provision of a hood with suitable ex- 
haust ventilation without other enclosure is likely to be a less reliable precaution. 

As I have already said, although the principles are simple, their application is 
not always so easy. Sometimes the design of the plant is such that the provision 
of exhaust at points where danger may arise becomes industrially awkward for 
a variety of reasons. It is always desirable, because of this, to consider at the design 
stage the dangers which are likely to arise and to plan for them accordingly, so that 
the safeguards may be incorporated as an integral part of the plant. Sometimes 
it is necessary to recommend the provision of enclosure and exhaust ventilation 
on a unit installed in the middle of a factory building. The provision of a cabinet 
and a fan may be a relatively simple matter, but the installation of ducting to enable 
the harmful material to be taken away from the workroom may well become both 
expensive and unsatisfactory. If the necessity for the precaution had been con- 
sidered at the time when the plant was being designed and installed it would have 
generally been possible to arrange for its situation near an outside wall, allowing 
for simple and effective extraction. In a room where a number of ventilated 
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cabinets are in use a considerable proportion of the warm air of the workroom 
is being exhausted and expelled and so heat loss must be considered. In some in- 
stances this loss has been avoided by leading in warm air from outside directly to the 
face of the cabinet, but these instances are relatively few in proportion and I must 
confess to surprise that this simple method of conserving the warmth of the work- 
room has not been considered worthy of more general adoption. It is also right 
to say that recently the introduction of the Clean Air Act has accentuated the pro- 
blems of delivering contaminated air to the atmosphere. Prior to the introduction 
of this Act, all the factory occupier had to concern himself with was the protection 
of his workpeople; now he is faced with the additional problem of protecting the 
public at large, and this ts where my colleagues, H. M. Inspectors of Alkalis, 
together with the local authorities, come into the picture, and we are working very 
closely with them in this field 

| think I have now said enough by way of introduction to the general problem. 
Let us turn now to the special matters that are going to be discussed at this con- 
ference 
the Shirley Institute. The subject of his paper constitutes a problem of the type 
to which I have been referring. This great industry is one of the largest mechanical 
industries in the country and while dust in certain cotton processes has always 
been regarded as troublesome it is only comparatively recently that it has also 
been shown to be dangerous. Most fibrogenic dusts have their site of activity in 
the alveoli and related tissues (i.c. in the depths of the lung). Cotton dust, as we 
now know, affects the upper respiratory passages, producing bronchitis, emphysema 
and quasi-allergic reactions in the form of “Mill Fever’’. This is another illustration 
of the point which | made earlier of the worker christening a disease by his own 
home-made name. Since the cotton industry ts situated mainly in a damp and at 
times chilly part of the country (I hope any Lancashire people present will forgive 
this slur upon their climate) bronchitis, with its complications and other respiratory 
troubles are widespread in the general community. Consequently clinical demon- 
stration of a similar industrial syndrome was at one time difficult. Mill Fever pro- 
vided a pointer, but a not very definite one. We can feel encouraged by the knowledge 
that we have now advanced a considerable way from that unsatisfactory position. 
By means of the measurement of “maximum voluntary ventilation’, together 
with informed observation of the clinical symptoms and a knowledge of the patient's 
industrial history, diagnosis is on a reasonably sound footing. We shall look for- 
ward with great interest to hearing what Mr. BROWNSETT has to say from his point 
of view, representing as he does a Research Association which has spent a great 
deal of time and money in research into the environmental remedies for dealing 


with the causes of this disease 

Dr. MACBaIn will be talking to us on “Methodology in the X-ray Study of Pneu- 
moconiosis in the Ironfounder’’. As a result of the publication of the work of the 
Joint Advisory Committee for Iron Foundries and the subsequent reports of the 
Joint Standing Committee for the same industry, much more is known nowadays 
about the behaviour of foundry dust and Dr. MacBain will tell us of new tech- 
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niques associated with the Haxlett apparatus for dust sampling, in conjunction 
with X-ray diffraction analysis. 

Mr. HURLEY is going to talk to us on the “Control of Fumes in the Electro- 
plating Industry’. I can well remember seeing one of the first chromium-plating 
vats made by his Company in use in a factory in the Wembley Exhibition buildings 
round about 1929, when this new technique was in its infancy. The risks to hearth 
were recognized by the introduction of the Chromium Plating Regulations in 1931. 

Mr. VOKEsS is going to talk about “Air Conservation in Industry’ and will give 
us his views on what can be done in connexion with filtration. It may well be that 
he will also touch upon the allied subject of the conservation of heat by a method 
such as | have indicated earlier in this talk. 

Tomorrow Mr. BAMBLIN will be telling us about “Dust Control in the Asbestos 
Textile Industry’. This is a substance which is now used for a multiplicity of pro- 
cesses, ranging from the manufacture of small filter pads to the lagging of the in- 
terior of an aircraft carrier. It is this multiplicity of processes which calls for eternal 
vigilance on the part of all concerned. In the best asbestos factories conditions are 
good, but in some other factories it is still possible for Inspectors to find layers 
of asbestos dust on ledges, a condition which is alarming for two reasons. Firstly 
it tells the expert eye that the control of the dust is imperfect and secondly it shows 
that eddy currents of air will cause the atmosphere of the room to become conta- 
minated with airborne dust. Dust counts made by my staff have repeatedly shown 
that substantial quantities of settled dust in a workroom can contaminate the air 
of that room to about the so-called maximum allowable concentration. No doubt 
Mr. BAMBLIN will bring us up-to-date on the latest methods for prevention of 
the risk of asbestosis, a serious disabling disease. 

Mr. Roe is going to talk to us on “The Control of Welding Fumes’. The risks 
to which welders are exposed is also a matter which occupies our attention and 
the publication on the health of workers in this industry appeared in 1951, entitled 
“The Health of Welders” under the signatures of two of my distinguished colleagues 
| refer to Mr. L. N. DuGutp, (who is now) H.M. Deputy Chief Inspector of Factories 
and Dr. DoiG, H. M. Deputy Senior Medical Inspector of Factories. It is a subject 
which is always throwing up new questions. At present there is some speculation 
as to whether there is a risk that fluorides may be evolved in the fume from basic 
coated electrodes. Investigation may also be necessary into the question of the 
formation of ozone and nitrous fumes generated when the inert gas-shielded arc 
is used. It may well be that Mr. Roe will have something to say on these matters. 

I assume that my function this morning is merely to open these proceedings, 
but | hope | have done a little more than that. | hope I have been able to show that 
your contributions and discussions during the next two days will be of the greatest 
interest and value to everybody concerned. A number of my colleagues are here 
today and they will be just as interested as the rest of you in gathering information 
from the great corpus of knowledge and experience present in this hall and to play 
their part in applying the information given and the lessons learned in the subse- 
quent interest of the well-being of the workpeople in those industries that have 
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DUST IN CARDROOMS 


F. BROWNSETI 


British Cotton Industry Research Association. Shirley Institute, Didsbury, 
Manchester 


Abstract--An account of the work carried out at the Shirley Institute during the past few years 


in developing different methods of reducing cardroom dust 


INTRODUCTION 


Byssinosis has been a serious problem in the Lancashire Cotton Industry for many 
years. Workers in the cardroom are liable to suffer from this complaint which is 
an affection of the respiratory system, in some cases indistinguishable from chronic 
bronchitis and emphysema. The disease is the result of irritation caused by dust 
present in the atmosphere of cardrooms so the logical w ay to prevent the occurrence 
of byssinosis ts to remove the dust from the cardroom ait 

Cardroom dust includes at least four distinguishable components: 

(1) Short pieces of broken fibre (known collectively as “fly’’) which are respon- 
sible for the major part of the visible cloud of dust. 

(2) Fine dust particles from, say, 10u down to submicroscopic sizes, probably 
derived mainly from the dried plant tissue debris or “trash” which Passes 
through the machines with the cotton 

(3) Bacteria, mainly soil and water organisms from the cotton fields and present 
in extraordinarily large numbers in cardroom air. 

(4) Fungal spore and hyphoe of which numbers are large but in no way com- 
parable with those of bacteria 

Whilst there is no definite evidence, it is thought that the smaller particles are 
the more injurious to health, particularly the protein fraction. 

To understand how the dust arises it is useful to consider the operations through 
which the cotton passes before it reaches the cardroom. Cotton is, of course. pro- 
duced abroad and occurs as fibres growing from a seed. When the cotton crop 
is gathered, the fibre is removed from the seed by gins situated near the cotton fields 
and the fibre is then tightly compressed into bales for convenience of transport. 
The bales, however, contain impurities as well as cotton, and this amount of im- 
purity is now increasing due to the increase in mechanical picking. On arrival at 
the mill the bale has to be opened and the impurities removed before yarn can be 
spun. This process is commenced at the mixing- and blow-rooms where the cotton 
IS progressively opened and trash removed. The cotton leaves the blowroom in 
the form of an unbroken, fleecy sheet, called a lap, similar to a huge roll of cotton 
wool. This lap is placed on the back of the carding engine for processing which 
consists of separating the fibres and removing most of the remaining impurities. 
The action of the carding engine, which consists of passing the cotton between 
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thousands of fast moving pin points, is probably more intense than any other machine 
but, unlike the machines in the blowroom, no fan is used to collect and remove 
any dust made there. 

There are several methods that can be used for measuring dust loads of the air, 
but in general there is no correlation between the results obtained by the different 
methods. The atmospheric dust can be collected by electro-static precipitation 
or by thermal precipitators and the dust deposits can be assessed by gravimetric 
means or by counting the number of particles of a certain size. Gravimetric methods 
are quicker than counting and the electrostatic precipitator can deal with greater 
volumes of air than the thermal precipitator, thus obtaining larger deposits. For 
these reasons the greater proportion of the measurements were made of mass dust 
load (i.e. mg/m) using a portable electrostatic dust sampler for obtaining the deposits, 
and later, dust counts were made to confirm the main findings. 

The electrostatic precipitator used for measuring was made at the Shirley Insti- 
tute, and consisted of a horizontal stoppered glass tube 2:6 cm internal diameter 
and 55 cm long, the stopper carrying an axial electrode of 1/16 in. diameter gold- 
plated steel wire, whilst an earthed screen of 12 mesh copper gauze is wrapped 
tightly round the outer surface of the glass tube. One end of the tube is, of course, 
open to allow air to enter. The centre electrode is connected through protective 
resistances to a 15,000 a.c. supply, the current passing being approximately 300 uA. 
The dust-laden air flows into the electric field between the wire and the earthed 
screen where it is ionized and the dust particles which therefore become charged 
are deposited on the walls of the tube and on the electrode, the amount collected 
on the latter being small compared with that on the walls of the tube. The cleaned 
air flows out of the precipitating tube through a branch connexion to a calibrated 
gas meter, the air being exhausted by means of a pump. In order to collect the dust 
for weighing, a previously weighed sleeve of paper is inserted in the tube and the 
dust is precipitated on this sleeve. A control valve allows the rate of air flow to be 
varied, and this is adjusted to give about | ft}/min. The initial and final weighings 
of the paper sleeve are made on the oven-dry material to an accuracy of 0-1 mg, 
the difference in weight representing the weight of dust collected. 

The dust deposit obtained on the tarred paper in the precipitator makes possible 
a visual inspection of the type of dust but this inspection cannot be used for accurate- 
ly measuring the quantities, since the different dusts can vary widely in colour 
and furthermore the very variable quantities of sooty material in the atmosphere 
could be a disturbing factor. 

The methods of reducing dust are as follows: 

(1) Removing all dust and potential dust from the cotton before the lap enters 
the cardroom. 

(2) Operative masks. 

(3) Ventilation of the cardroom. 

(4) Oiling to cause the dust to adhere to the cotton. 


(5) Hooding the cards 
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DUST AND TRASH REMOVAI 


At first sight this would appear to be the logical way to overcome the problem 
and in fact much work has been done to try to reduce the dust and trash content 
of cardroom laps. Pneumatic conveyance of cotton in the blowroom helps consid- 
erably to reduce the dust content and the Shirley high-speed cage is also a help 
but it will be appreciated that, apart from removing dust, trash must also be re- 
moved since the card can produce dust from trash in the carding action between 
cylinder and flats. Before, however, the trash removal can be efficient, it is necessary 
to open the cotton thoroughly and the Shirley Opener has been developed for this 
purpose. A standard mill blowroom will remove. perhaps, 60 per cent of the dust 
and trash that was in the bale before the cotton entered the cardroom, and using 
Shirley methods this reduction might be increased to 75 per cent. 

A limiting factor to the amount of trash that can be removed in the blowroom 
is the necessity to avoid damaging the cotton fibres. If the treatment in the blowroom 
is too severe and damage is caused to the fibres, the quality of the yarn produced 
will be affected. Hence within the confines of present knowledge it is not practic- 
able to remove all the trash before the lap enters the cardroom. 

It is fortunate that the taker-in beater of the carding engine is itself an efficient 
trash-remover, eliminating perhaps 70 per cent of the trash that was in the lap, 
and this elimination can be increased substantially in many cases by use of the Shirley 
modified taker-in undercasing. This is advantageous since it prevents some of the 
trash entering the zone between the cylinder and flats where there would be a strong 
chance of it being turned into dust. 


OPERATIVE MASKS 


The use of operative masks must have been the first attempt to reduce the danger 
from cotton dust, and even in the days when cotton was processed in the home, 
workers probably tied pieces of cloth or pads of cotton wool across the mouth 
and nostrils. In view of the present extensive use of masks it was felt to be desirable 
to obtain some figures for their efficiency. For this series of tests the object was 
to imitate as closely as possible the conditions obtaining when a filter mask is worn, 


that is, an air velocity in the region of 20 ft min, and to compare the efficiency of 


a cotton filter pad as customarily employed in face masks with an experimental 
resinated wool filter. The instrument used has been described earlier but in this 
particular application three sampling tubes were fitted, each with its own volume 
meter and each provided with a conical aluminium filter holder. In the first series 
of tests one holder was equipped with a specimen of resinated wool fleece of uncom- 


pressed thickness approximately | in., a second holder carried a typical filter as 
used in face masks for cotton operatives, while a third tube provided a control 
measurement on the atmosphere which was in this case the region close to the 
doffer end of a card and about 5 ft above floor level. The mean filter efficiency of 
the commercial cotton mask was 42 per cent whilst that of the resinated wool was 
88 per cent. 
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The specimen of resinated wool fleece used in the first series of tests had a thick- 
ness approximately three times that of the cotton mask, although the resultant 


pressure drops were identical. The tests were therefore repeated with three thick- 


nesses of the cotton masks, so that a comparison could be made between filters of 
equal thickness. During these tests the cardroom atmosphere happened to be much 
cleaner than previously so each set of measurements was therefore based on a run 
of longer duration than before in order to secure a weighable deposit. Despite 
a higher pressure drop across the cotton mask filter it was again less efficient than 
the resinated wool, although the difference in efficiency was less marked than when 
the filters were compared under conditions of equal pressure drop. Fig. | shows 
the dust deposit obtained in the first series of tests. A comparison of the dust de- 
posits from the cardroom atmosphere and that following filtration by the com- 
mercial cotton mask show that the 42 per cent dust removal obtained was chiefly 
of cotton fly rather than of fine dust. 


Resmare: 


Fic. Dust deposit obtained in a series of tests on operative masks. 


VENTILATION 


The use of ventilation to reduce atmospheric pollution is a common practice 
but experiments have shown that, to make a substantial reduction by this method, 
a considerable volume of air is necessary. An experimental ventilation plant was 
installed in a small room containing four cards. A ducting at ceiling height stretched 
down the room and from this ducting branch pipes came down over the four doffing 
cylinders to open ends about 6 ft from the floor. Dusty air was exhausted through 
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these pipes at the rate of 800 ft'/min per card and the ducting conveyed this air 
into the cellar under the cardroom where it was filtered before being recirculated 
back into the cardroom through parallel ducting over the taker-in cylinders. The 
dusty air was filtered in two stages, the initial one being a rotary cage that removed 
the coarse fly and the second stage an electrostatic precipitator to remove the fine 
dust. The air recirculating back into the room was cleaner than the outside air but 
despite this the reduction in dust load from this ventilating plant was only about 
30 per cent. Fig. 2 shows an elevation of the cardroom and filter equipment. 


| 


Fic. 2. Cardroom and filter equipment. 


The opportunity was also taken to test the efficiency of a commercial ventilation 
plant installed in a mill cardroom. Air was exhausted from grids in the floor at 
both ends of each row of cards (14 grids in all). This dusty air was conveyed by 
ducting to an outside shed where it was filtered by passing through tubular cloth 
filters of a patented construction. The filtered air was then recirculated back into 
the cardroom through two ceiling—height ducts, one over the middle of each row 
of cards and one over the frames. The filter bags could be shaken mechanically 


and if reguired fresh air from outside could be brought into the room instead of 


filtered cardroom air. The first tests showed a very low efficiency for this ventila- 
tion plant and modifications were therefore made by the manufacturers which 
resulted in a final mean dust reduction efficiency of 22 per cent. During these tests 
a large proportion of fresh air was being introduced into the room instead of recir- 
culated air and the air volumes used were approximately 390 ft}/min per card; 
the power used for ventilation was about 0°8 h.p. per card. 

An enquiry was received from a mill manager who was proposing to install extra 
fans in his cardroom to reduce the atmospheric dust load. He asked for advice 
on the number and type of fans to use for this purpose, but on visiting the mill 
it was noticed that a large number of fans were already installed. On measuring 
the air output of these fans it was found that the actual volumes of air extracted 
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by the majority of them (propeller-type mounted in windows) was far less than 
their catalogue ratings. It was also shown that the air outputs could be increased 
considerably by opening some of the doors in the room. It was therefore obvious 
that the correct way to increase the ventilation rate of this room was not to increase 
the number of fans installed in it but to allow free ingress of air into the room. 
This is a very common fault; large numbers of fans are frequently installed without 
any consideration being given to the question of replacing inside the room the air 
extracted by the fans. This can only result in poor performance by the fans and 
an unsatisfactory ventilation system. 


OILING OF COTTON 


Shortly after the first world war oiling of cotton was carried out as a means of 
reducing the amount of dust in the cardroom but at that time no suitable method 
was available for measuring the dustiness and for various reasons oiling was discon- 
tinued. With the recent improvement in the types of oil available and technique 
for applying the oil it became desirable to make some quantitative tests on the 
effect of adding oil to cotton. The graph, Fig. 3, gives a summary of the results 
obtained on an experimental scale. It will be observed that the addition of 0-25 per 
cent oil gave a reduction of 60 per cent in fine dust and 40 per cent in coarse fly 
when using a Texas cotton (trash content 5-6 per cent). The disadvantages of oiling, 
however, are that a weak yarn is produced, the resultant sliver has a tendency to 
nep which has a detrimental effect upon the appearance of the final yarn as judged 
by blackboard wrapping, and sometimes trouble is experienced with roller lapping 
and dirtier conditions in the spinning room. 
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results of adding oil to cotton on an experimental scale. 


FiG. 3. Summary of the 


Despite these objections, oiling of cotton was adopted fairly extensively by the 
trade and tests were made at 12 mills to find what the reduction of dust load was 
under commercial conditions. Tests showed that the reductions varied in the mills 
from 60 per cent to 4 per cent, the average being about 20 per cent but subsequently 
the difficuities previously mentioned became so pronounced that a large number 
of mills have discontinued the use of oil. 
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CARD DUST HOODS 


Concurrent with the work previously described the problem of actually prevent- 
ing card dust from entering the atmosphere was studied. Measurements were made 
to find the points on the card from which the majority of the dust was liberated 
and a hood was made on the basis of these results, to collect the dust at those points 
of liberation. This hood was fairly efficient but had several practical disadvantages, 
so further consideration was given to the action of the carding engine and the reasons 
underlying the release of the dust. 

The card consists essentially of three rapidly rotating cylinders which, in addition 
to their main function of carrying cotton through the machine, act as fans and 
carry round considerable amounts of air. At the points where the cotton is trans- 


ferred from one cylinder to another, air seals are formed and as a result zones of 


high air pressure are caused in the card. Air escaping into the atmosphere from the 
high pressure zones carries dust with it and is responsible for most of the dust in 
the cardroom. 

The Shirley Pressure Point System is designed to make use of the high pressure 
zones to remove most of the dust which would otherwise be liberated into the 
atmosphere. By means of the deflector sheets which concentrate the air flow to the 
required points, the need to exhaust air at a great rate is overcome. With the Shirley 
dust hood, based on the principles explained, air is exhausted from: 

(1) the region round the junction of the card and doffer cylinder 

(2) above the taker-in 

(3) between the flats 

At the doffer region supplementary causes of dust are the oscillating action of 
the doffer comb and also the calender rollers. The calender rollers squeeze out 
the air mixed with the cotton in the doffer web as the cotton is compressed by the 
calenders and this air takes dust with it. The dust at these points is constrained 
within the fan action of the doffing cylinder by deflector sheets, and the fanning 
action ts increased by the air extraction at the doffer and card cylinder junctions 
Thus the action of the card is itself used to help to remove its own dust. The deflecto1 
shields that keep the dust liberated by the doffer comb and calender rollers within 
the fanning action of the doffer can be made of Perspex so that the carding can be 
readily inspected at all times. These deflector shields are hinged so that piecing-up, 
stripping and grinding can be done without removing them from the card. The region 
under the calender rollers has been completely boxed in. This is to collect the fly 
that falls to the floor from the underside of the web and prevent it being blown 
about the cardroom by draughts. A door is provided for cleaning purposes 

The fly swept into the air by the action of the flat cleaning brush depends on the 
speed of the brush and may be reduced by using a slowly rotating brush of the Phillip- 
son type. The fly from this source is collected by a sheet of perforated metal which 
holds the fly but allows air to pass through it. This perforated metal has three count- 
erbaiance weights, so as to hold the screen as close to the brush as possible and 


the screen ts hinged so that it can be swung away to allow for removing the accu- 
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mulation of flat strips. A piece of perforated metal in the form of an open-sided 
box was also used on the top of the coiler. This deflected and trapped the fly libera- 
ted as the sliver entered the trumpet on the coiler, but under mill conditions it proved 
to be easily damaged and its use has been discontinued. 

The high pressure generated between the card cylinder and the taker-in end 
of the flats produces both tangential and radial air flow. The tangential part is dealt 
with by completely boxing-in the taker-in end of the flats down to the taker-in 
beater cover and exhausting air from one end. The metal sheets used for this are 
made in two sections, and are hinged so that they can be raised to allow the taker- 
in beater cover to be cleaned and the clearer roller to be removed when necessary 
(if required, these sheets can be removed and replaced very easily and quickly). 
The radial air fiow is restricted by inserting a flexible metal sheet between the flats. 
his sheet passes over the first blockshaft and then rests on the inside of those flats, 
passing over the flexible bend for about two-thirds of the distance from back to 
front. The small air space formed at the taker-in end of the flats is shielded by two 
side pieces which also hold the metal sheet in position. Air is exhausted through 
one of these side pieces to relieve the pressure inside. It is not necessary to remove 
this sheet for setting the flats; being flexible, it can be lifted sufficiently to allow 
adjustments to be made and it will fall into position when released. If required, 


however, this sheet can be removed in a few minutes. 


Fic. 4. Dust extraction points on cotton card. 


The portion of the deflector plate over the calender rollers can be hinged backward 
to allow the card tenter to piece-up the web. Vacuum stripping of the cylinder and 


doffer simultaneously can be performed without touching the hood in any way. 
The doffer can be ground without removing the hood by hinging forward part of 
the doffer deflector plate. An adjustable jockey pulley is used so that the belt from 
the card cylinder to the doffer does not touch the air duct. The card can be brush- 
stripped in a similar way, except that in this case the jockey pulley is not necessary 


since the doffer is not then driven directly. 
Tests were made on a single card equipped with a Shirley dust hood, at the Shirley 
Institute, and also on 32 cards so equipped in a partitioned-off section of a large 
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cardroom in a mill. The reduction in the total mass dust load of the cardroom 
air in these tests varied from about 84 per cent to 94 per cent. The volume of air 
removed by the Shirley Pressure Point system is about 250 ft}/min per card, and 
it is suggested that this air should be removed from the cardroom completely, the 
coarser fly taken from it and the air then liberated outside the mill. It is very strongly 
recommended that this air should not be recirculated back into the cardroom since 
it still contains the fine and harmful dust. For practical reasons it is convenient 
to group the cards in units of about 30 and the power required to operate the fan 
will average '/, h.p. per card. 


Fic. 5. Complete cardroom equipped with the Shirley pressure point system. 


Fig. 4 shows a line diagram of the extraction points on a card section. Fig. 5 
is a photograph of a complete cardroom equipped with the Shirley Pressure Point 
system. Apart from any question of measurements and the fact that there is much 
less visible dust in a cardroom so equipped, the atmosphere in a cardroom with 
the Shirley system is not offensive to breathe in contrast with the original conditions. 
In fact byssinotics who become distressed after working in unequipped cardrooms 
no longer experience that distress. The opinions of the operatives can be summed 
up in the remark of one operative, a man who has worked for over 50 years in the 
cardroom and suffers badly from byssinosis, who said that since the installation 
of the Shirley system in his mill he could now smoke a “Woodbine™ on his way 
home on a Monday night, a thing he had not previously been able to do for years. 
This reaction of the operatives is very important, since it causes them to be anxious 
to have the system installed, despite the fact that it does cause them some slight 
inconvenience, as in fact do most safety devices. 
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Several mills have now been completely equipped and a large number of mills 
are in the process of being equipped. From the management point of view, a further 
advantage is that rooms can now be kept much cleaner and in one case a cardroom 
that needed cleaning twice daily now needs cleaning only once per week. This again 
should result in future in the management having a wider choice of operatives for 


staffing his cardroom. 


DISCUSSION 


Mr. Smirn asked why 250 ft';min was used for the pressure point extractor. Mr. BROwNseT! 
replied that a fan of this capacity was available and proved satisfactory. He added, in further dsi- 
cussion, that axial flow fans are unsuitable for this sort of duty because they are not self-cleaning. 

Dr. GréGcory asked how effective the dust extraction methods were. Mr. BRownsrtT replied 


that 85-90 per cent of the dust was removed 

Dr. Giover asked a question about masks used by card-room operatives. Mr. BROWNSETI 
replied that cotton filter masks were used. They had replaced the cotton filters by resin wool filters 
without the operatives’ knowledge and the latter had spontaneously expressed their preference 


for the resin wool type. 

Dr. Hickisn asked what steps were taken to ensure that the provisions for natural inlet venti- 
lation to replace the air exhausted from the cards remained effective during cold weather. He also 
wondered whether consideration had been given to the mechanical supply of replacement air near 
io the points of exhaust, in order to reduce the heat losses from the room as a whole. 

Mr. Brownsetr replied that the question of allowing free inlet ventilation, replacing the air 
exhausted from the room, to continue in cold weather was essentially a problem for the manage- 
ment. The fact that the extraction of air from the cardroom would in winter call for more heating 
had been explained, and most managers were installing extra heating piping to cope with the 
increased winter loading. There were, however, modifications that could be made to most mill 
ventilation systems which would reduce substantially the expected increase. It was recommended 
in most cases that the normal extraction fans installed in the cardroom should be removed and 
future ventilation provided through the Shirley Pressure Point System. In the case of one mill this 
had actually resulted in a saving of heat since the new ventilation rate, although far more efficient 
for preventing cardroom dust, was substantially less than the old one. Again, in most mills the 
air exhausted by the blowing room fans is extracted from the cardroom and if this is stopped it 
relieves considerably the problem of air balance in the cardroom. 

It would not be possible to supply outside air directly to the vicinity of the cards without first 
warming and perhaps increasing the relative humidity of this air since the carding engine is very 
temperamental in regard to its air condition requirements. This idea of supplying untreated outside 
air direct to a machine is, however, being actively considered with regard to the blowing room, 
and it is hoped to try such an installation in the near future. Such extra air inlets in the blowroom 
would, of course, help the cardroom as it would stop the extraction of cardroom air by the blowroom 


fans. 
An extraction rate of 250 ft'/min per card will give a ventilation rate for an average card- 


room of about four air changes per hour. A new type of axial flow fan called a cross vent 
axial flow fan has recently been fried with encouraging results. 


jan. Occup. Hee. Vol »p. 16-29, 1959. Pergamon Press Lid. Printed in Poland 
f 


METHODOLOGY IN THE X-RAY STUDY OF 
PNEUMOCONIOSIS IN THE IRONFOUNDER 


G. MAcBAIN 


Birmid Industries Ltd., Smethwick, Staffs 


Abstract An account is given of a chest X-ray and recording system devised to yield some re- 
search information whilst functioning as a personal health service in a foundry group 

4 code has been devised to enable industrial histories, some medical data, and environmental 
particulars to be transferred to punch cards for mechanical analysis 

Some examples are given of carly results to demonstrate the working of the system. 

The paper is prefaced with a discussion on the limitations and advantages of chest X-rays for 
pneumoconiosis enquiries, with emphasis on medical commonplaces which may require stressing 
in presentation to laymen. An example is given of a preliminary report based on the contrasting 
findings in an aluminium and an iron foundry and the value of a combination of dust and ventila- 
tion surveys is suggested. The use of the Hexhlet elutriator for dust sampling coupled with X-ray 
diffraction analysis is put forward as the logical sequel to the X-ray survey. 


INTRODUCTION 
AT some point in a treatise concerning pneumoconiosis custom demands a biblio- 
eraphy or at least references to the literature. To anyone looking for this today 
1 would briefly commend the introductory chapter of MACLOUGHLIN’s “Industrial 
Lung Disease of Iron and Steel Foundryworkers”.* Therein is reviewed and sum- 
marized the published work on foundry investigations up to the date of his own 
master work published in 1950. 

In seeking guidance from these pages to advise the management of a group em- 
ploying some 8000 foundrymen, we discovered how scarce is information which 
would enable the problem to be “sized’’. It is hardly exaggeration to say that there 
is not sufficient information (I refer to iron foundries) to hazard a safe guess at 
the incidence of pneumoconiosis, its relationship to age and length of service, or 
its relation to the amount of dust in the atmosphere. 

Valuable as is this work and the subsequent work of MEIKLEJOHN in the Trades 
Union sponsored surveys at West Bromwich and Falkirk,’ the results remain qual- 


itative rather than quantitative. This was the situation which led up to the start of 


our own work some three years ago. 

When the foundry employer asks the doctor about health risks from dust he is 
told that a risk exists, it is real, diseases are well-known, and the causes are recog- 
nized. The doctor will be tempted to add that because dust is the causal agent 
the problem is, after all, one that only the engineer can solve. As industrial doctors 
we cannot, for shame, pass a “buck” so obviously. We must rather realize that 
the engineer is like ourselves, not an omniscient research worker but a practical 
man. As a fellow practitioner we must allow him to tell us that diagnosis must pre- 
cede treatment. The efficiency of his work as much as ours depends in some degree 


* London H.M.S.O. (1950) 
" Foundry Workers Journal (1954) 
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on the accuracy with which the problems put to him are stated and with which 
the limits and tolerances but he may be allowed are defined. 

Here is a problem which in origin is medical and in solution mechanical. The 
medical definition of the problem falls short because we will not, and at this stage 
cannot, say at what point the amount of dangerous dust in the air is sufficiently 
small to become insignificant as a health hazard. 

Our excuse for this (and it must be only an excuse if we do not make serious efforts 
to add to our knowledge) is that we find one man to be more susceptible to disease 
than another and some are very susceptible. If we are unable, or do not think it 
expedient, to admit that there may be a minimum safe amount of silicious dust 
in the atmosphere the engineer must ask two questions before preparing his 
remedies: 

(1) Are these susceptible people so rare that we can say—as we do in some cases 
of dermatitis risk—-here are certain precautions that will protect the majority 
and we can leave it to medical supervision to protect others? 

(2) Alternatively, are we to make our precautions such that the foundry is safe 
for the most susceptible during the whole span of his working life? 

The answers to these questions may cost hundreds of thousands of pounds. As 
realistic practitioners we must admit that if everyone in a foundry wears an approved 
mask all the time there would be no dust disease; but every man that we put in a mask 
without sufficient evidence of the need is suffering discomfort and distress that 
is the outcome of our ignorance. At the other end of the scale of absurdity if our 
demands on the engineer are such that he can only fulfil them by methods which 
put up production costs beyond the level of economic competition we must be 
sure that our demands are sensible before we criticize his methods. Even work in 
a mask is preferable to unemployment without. 

With an X-ray you are only photographing a shadow. We cannot see dust in 
the lung but only the effects of dust and the body’s reaction to its presence. Once 
the sort of dust that produces a reaction is in the lung tissue there is no known 
power that will get it out again. Special equipment and special experience in reading 
the films however enables the reaction to dust to be observed long before there is 
any disabling damage done. Repeated films taken at intervals in the same man will 
show the progress of the effects and enable alterations in the circumstances to be 
made either by control of the job or transfer of the man. Both these things are easier 
said than done and it was with the advantages and limitations of the use of X-rays 
in mind that we devised our system. 

It is my experience that the foundryman who is well is little concerned about 
the risks he runs, but talk to him about his son who intends to enter the trade and 
he shows more concern. 

If he asks me as a doctor “Is it safe for my boy to work in a foundry?’’, | think 
| should have to give a qualified answer. If, on the other hand, there was an adequate 
and honestly run system of X-ray check-ups at intervals, | could give an unreserved 
“Yes’’. I could even add that in the boy’s life-time I would expect that the evidence 
forthcoming by proper use of X-ray findings would show some sections of the foun- 
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dry trade to be perfectly safeguarded and X-ray checks to be unnecessary (the 
innocence of many processes and places may be proved), and the information will 
be there for the engineer to be warned of those localities shown to be dangerous. 

Before embarking on a Chest X-ray Service and Investigation, my Board were 
advised of certain limitations as well as advantages to be anticipated. It may be 
well to repeat some of these. 

The miniature X-ray —as used in the familiar Mass Radiography units — 
although admirable for recognition of established diseases is not suitable for de- 
monstration of early dust effects. 

An X-ray picture has full value only when interpreted with regard to the partic- 
ular dust conditions and considered in conjunction with a clinical examination 
and detailed industrial history. 

It may show a well marked dust condition but it may not be possible to decide 
whether it is the result of the present occupation or whether it has been the result 
of some work years ago. 

X-ray pictures of individuals rather than of entire groups are a poor guide to 
the degree of safety or danger in a particular job or workplace. 

An X-ray picture by itself is not a reliable guide to disability. 

It may be possible to say on a single film that these lungs are affected. It may 
be possible to say that these lungs are so little affected that if there is no more expos- 
ure to dust, the chances are that health will not be noticeably affected in the future. 
In certain cases it may be possible to say with more certainty that these lungs are 
so affected that disability is probable, but even here it would take a brave, confi- 
dent, or rash man to make a firm forecast of the future progress. 

Premature or partial publication of statistically incomplete figures can lead to 
medical matters entering the field of industrial politics with adverse results on the 
freedom of investigation. It is not the results but the skilled and impartial inter- 
pretation of results that matters. We hope to avoid danger by offering collaboration 
to the Medical Department of the Ministry of Labour whose skill and impartiality 
are equally unquestioned and who examine results in an industrial context not 
so readily available to other health services. 

As an industrial health service having facilities which enable us to make obser- 
vations not so easily made by other medical organizations we are morally bound 
to make the fullest observations and records possible. The following is an outline 
of the agreed procedure. 


CHEST X-RAY UNIT 


There are two main purposes. 

(1) As a safeguard to the health of the individual comparable with the objects 
of the M.M.R. units but with the ability to recognize early dust conditions. 
This is regarded as a case-finding rather than a diagnostic service. 

(2) To obtain statistical material to establish the incidence of pneumoconiosis 
in foundries and to locate the jobs and conditions which give rise to risk with 
a view to prevention and assessment of the risk if possible. 
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For the first purpose there is a pre-employment examination as a condition of 
service. For those already employed there is the principle of an offer of a free and 
confidential X-ray to volunteers as made by the M.M.R. units. 

The reports will be made by a chest physician to the works doctor who will regard 
them as confidential between himself, the patient and the patient’s doctor. They 
will not be disclosed to the employer except with the expressed consent of the em- 
ployee. 

The works doctor will communicate a “clear” report to the man. In all other 
cases he will furnish a copy of the chest physician’s report to the patient’s general 
practitioner, together with any relevant information he considers to be helpful. 

The patient will therefore be told either that his X-ray was within normal limits 
or that he should see his doctor to whom a full report has been sent. 

No names appear on the films which are serially numbered and dated. These 
can therefore be shown to the Ministry of Labour or other medical experts without 
breach of confidence. 

The only register which will enable a film or a record to be traced back to a man 
or his job will be in the keeping of the Medical Officer and not accessible to any 
representative of the firm outside the Medical Department. 

All information required to be passed through the calculating department 
for statistical purposes will be under serial numbers and the medical information 
in the form of code numbers whose key is confideniiai io the medical personnel 
only. 

All examinations will be on a voluntary basis but it will be necessary to use the 
fullest power of propaganda and moral persuasion to get as near 100 per cent as 
possible, as the statistical results depend so largely on this. 

To obviate risk of damage from radiation to operator or patient, we have to take 
strict precautions. Any system must keep the frequency of exposure to the minimum 
necessary. 

The Birmid Group decided to provide Watson-Odelca equipment which takes 
a 100 mm film by photo-fluorographic methods and large films by direct radio- 
graphy with every facility for the highest technical standard. The films were to 
be read by a chest physician of special foundry pneumoconiosis experience (Dr. COLE 
of West Bromwich). The fullest use was to be made of information to be obtained 
by the personnel and medical departments, recorded in such a way that use could 
be made of the sorting and calculating machines—in our case the Powers-Samas. 

The 100 mm film we believe has possibly, in the right hands, the technical effic- 
iency to enable early dust conditions to be picked up but as yet few authorities 
will unreservedly agree that it is the equal of the large film; we are thoroughly 
testing our beliefs by making comparisons of large and small films repeatedly. 
Large films are expensive—extensive use may be prohibitive and taking and pro- 
cessing may be too slow for extensive surveys. 

The X-ray machine, like those of the Mass Radiography Service, will not make 
an exposure until a card is inserted. The name or number in this card is photographed 
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at the time of the X-ray exposure and appears at the bottom of the X-ray film. 
We use an envelope for this purpose on which is printed the record and which, 
when filed, contains the X-ray film and any relevant notes (Fig. 1). 


OF RECORD CODE 


EXPLANATION 


Serial No. 
This number is already printed on each card. On any survey, books are used 
(when possible), so that numbers run consecutively throughout. A record 
is kept of the books, »umbers, and a note is made of any number destroyed or not 
used. As 100 per cent attendance, or nearly so, is anticipated, a card is filled 
in for every worker. Particulars which apply to the job rather than the in- 
dividual can be previously collected at any time. Individual cards are completed 
as near to the date of X-ray as convenient. 

Date. 
This space is filled with the date for which the appointment is made. 

Check No. Works No. 
This space has the check number entered, but where a works register is in use, 

this number is used in preference. 


Foundry record. 
1. This means the Company, not the Group. 
2. This includes other iron foundries in the Group. 
3. This includes light alloy, brass, bronze, and a// other foundry work. 
4. As 2 and 3. 
5. Includes tunnelling, rock drilling, quarrying, stone dressing, coal mining 
and all underground mining. 
6. Includes 5, 4, 3 and 2. 
7. Includes tale and French chalk work, rubber, pottery, cotton, asbestos, refrac- 
tory, brick, grinding and other trades. 
8. This means any job which has no chest risk as recognized by special regula- 
tions of factory inspectorate. 


lelé > 
00000000 0 0 0 0/00/00 0 C0 0000 
222j22222 2\2 222 22 22/2 2/222 2 2 X-Ray 
355/55555 5,556 5 5 6 55,5 5/5/55) 5 5/5 5 
666/66666 6'6 6 6 6 6/6 666 66/6 6 6/6) 6 6 6.66 6 6 = 
S88 88888 8/8 8/88 88/88/88 8 8 8 
999'99999' 9 9 99 9 9 
234/56 789 10/11 12 18 14 15 16 17 18 19 20 21/22 23 24/25 26, 27 |28 29,30 31/32 33) 34 35 36 37/38, 39 40 


Fic. 2 Punched card coding. (Double punching is possible.) 
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Previous X-ray. 
This space is completed by the Medical Department 


History. 
Ditto. 


Registered pneumo. 
Ditto for first surveys 
Origin. 
This is completed for all immigrants whether recent or old standing. 


Year of birth. 
Last two figures are sufficient e.g. ‘07, °18. 


Year first employed. 
This refers to employment with present Company. Where a man has broken 
service but mainly with present Company, his date of first engagement is filled 
in, and the time he has worked elsewhere since then goes in the “Yeats of lost 


service’ to the nearest year. 


Location | 
Includes any part of the premises regarded by the Factory Inspector as a foundry. 
unless it comes under the headings 2, 3, 4, or in circumstances where these 


places are geographically separated or separately ventilated. 


Job 1: basic. 

This means the basic jobs of the location or shop in which he works, e.g. moulders 
etc. in foundry, fettlers in a fettling shop, coremakers in a coreshop, whether 
these are separate or come under the heading of “foundry”. This classifica- 
tion was necessary to keep to a single figure code. 


Occupation. 
Normally the most significant feature in the occupation will come under one 
heading. In case of doubt it is put under the heading that carries the greater 
suspicion of risk. In some occupations it is better to classify as coming in two 


categories in this list 


Environment. 
This for purposes of a first survey is completed in relation to what is generally 
believed in the light of present general knowledge in the trade, not necessarily 


our Own opinion. 


Ventilation. 
This is completed after paying regard to whether the air in the man’s zone is 
affected more by the general ventilation in the shop or the arrangements for 
his own special occupation or workplace. 
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RESULT CODINGS 


Code | 

Within normal limits. 

Films which are considered by the chest physician when read with special regard 
to dust diseases (inter alia) to show no significant pathological changes. Such 
films may show a single focus or minor degree of deposition of calcium in 
either hilum. 


Total 
P.U.’'s 


Total 2's 3's 4's 5's 6's 7's 


. Always with Company 448 16 | v) 5 3 34 7-6 


2. Previously with iron foundry 341 19 7 19 16 2 63 «18-5 
3. Previously with non-ferrous 

foundry 82 4 6 10 12:2 
4. Previously with iron and non- 

ferrous foundry 29 2 2 | § 17:2 
5. Tunnelling, coal mining 33 2 | 4 6 13 39-4 
6. Previously tunnelling, etc. 

and foundry 2 50-0 
7. Previously in suspect job 44 2 I 3 6 136 
8. Previously in job with no risk 870 4i 13 48 34 3 | 140) 161 


1849 24 89 64 8 272 «(14-7 


Fic. 3. Example of preliminary analysis. Result by foundry record. Ali other sections are 


similary treated. 


Code 


Normal Normal | 


No further Non-industrial 2 


All films 
Industrial 3 


action 


Abnormal Non-industrial 4 
For further Industrial 5 

action Congenital 6 

Neoplastic 7 


Fic. 4. Classification and procedure for coding. 


Code Il 
Non-industrial conditions requiring no action. 
Commonly these have old healed lesions or sequlae of acute conditions which 
do not warrant being reported to the subject’s doctor. 
Code Ill 
Farly signs of dust retention—not sufficient to warrant a firm diagnosis which 
would be generally acceptable and which do not warrant any action being 
taken at this stage. These films would not support a pneumoconiosis claim in the 
absence of symptoms. (In general, these films show reticulation only, but where 
a film shows very sparse nodulation it may be included in this category.) 
Code 1V 
Non-industrial conditions including tuberculosis and other infections which re- 
quire any action, whether mere notification of the general practitioner or 
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recommendation for Chest Clinic investigation or hospitalization. In this cate- 
gory fall also films which are not diagnosable except by instituting investi- 
gation other than radiological. 

Code } 

Films which warrant a firm radiological diagnosis of pneumoconiosis and a re- 
commendation for the general practitioner to advise application for a M.P.N.1. 
Board. 

Code V1 

Congenital abnormalities of the thorax, both skeletal and visceral of such an 

extent as to presuppose that symptoms may be caused thereby at some time 


or other during the life of the possessor. 


Code Vii 
Films which have any evidence at all of possible neoplastic change. 


RESULTS 


lo our great gratification and rather to our surprise the team’s efforts have been 
rewarded with a 98 per cent response from some 5000 men in the first survey and 
completed records for those who did not present themselves. It is obvious that 
however rough and ready the purist may deem the material, its volume ts large; 
the permutations and combinations possible in the figures available make the task 
of seeking tangible results a long one. Presentation of figures in their present in- 
completely digested form would be premature. I would, however, like to offer 
to this meeting some of the earliest results which appear to us to have some interest 
as showing the working of the system. Further, as it seems appropriate to this con- 
ference, I would like to add my own suggestions on the immediate practical appli- 


cations which should follow our findings such as they are. 


PRELIMINARY REPORT ON FIGURES FROM FIRST SURVEY 


Two examples of the distribution of pneumoconiosis cases referred to M.N.I. 
Boards. 
Scatter diagrams 

dn iron foundry (Fig. 5, bottom). Each case is plotted on this diagram in the 
positions of his age and length of service. Only those cases are shown which have 
no evidence of exposure to dust risk prior to being employed by the Company. 

The shaded area (within the full lines) includes those over 45 years of age and 
with more than 15 years service. This was arbitrarily chosen as being the area in 
which cases might be anticipated. Contrary to expectation, it will be seen that a very 
high proportion occur outside this area at a considerably younger age and shorter 
exposure. 

If a line is drawn at 10 years service, cases below this line have entered the in- 
dustry since the 1948 Parting Powder Regulations.* These cases are too many and 
too widely spread over the age range to be regarded as anything but serious 


The Foundries (Parking Materials) Special Regulations, 1950. (S.1, 1950 No, 1700) 
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This diagram makes a striking contrast with the diagram at the top. 
An a.uminium foundry (Fig. 5,top). This is constructed on similar data. It will 
be seen that only cases occurring at a younger age or less exposure than in the 
expected area, are die-casters (of which a separate note appears later). 


Yeors of servee 


° 


Yeors of service 


Age. yeors 


Fic. S. Distribution of pneumoconiosis cases with years of service and age in years in an alumin- 
ium alloy foundry and an iron foundry. 


CONCLUSIONS 


1. The dust from known dangerous occupations finds its way in sufficient quant- 
ities to affect workers in safer occupations and makes a more even distribution 
of risk than was previously supposed (Fig. 6). 

Efforts to control dust at source in known dangerous processes will decrease 
the risk to a larger number of men than those actually engaged in the dust-making 
job or in its immediate vicinity. 

Successful efforts to control the ventilation — by attention to air flow or physical 
partition of the shop in such places as coreshops,—can render safe a large number 
of men immediately and almost completely. 

In areas where there are known sources of dust, if efforts to eliminate contamin- 
ation are only partially successful and the atmospheric dust only becomes equal 
to that now found in the coreshop, pneumoconiosis will not be eliminated. (A 50 per 
cent improvement in dustiness will not produce a 50 per cent reduction in cases 
to be expected.) 

2. The comparison of ironfoundry and alloyfoundry results shows that there are 
a number of cases with less than ten years exposure in the former and none in the 
latter. (This is since the Parting Powder Regulations in both cases.) 
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It is assumed at this stage that this is due to difference in the type of work, or 
more probably the amount of work per man and per unit of space. 

If the general foundry atmospheric conditions were assessed in each type of 
foundry there would be a first target, i.c. to make the ironfoundry conditions ap- 
proach those of the light alloy foundry. By “conditions” the least that is meant 
is “the average dustiness at the normal breathing level of the worker for the major- 
ity of his working time”. 


Number of employees) Number of cases | Percentage of cases 


Foundry 514 27 5-20 
Fettling 329 22 6°70 
Coreshop 420 13 3-10 
Other 549 4 0-70 
Total 1812 bh 3-60 Vol. 2 


1959/61 


Fic. 6. Distribution of cases with workplace (an ironfoundry). 


Achievement of this objective alone means that the incidence of fresh cases will 
fall to the extent that men with less than 15 years service and 40 years of age can 
be expected to be “safe’’. The “risk’’ above these limits should also fall very apprec- 
iably. 

Whether this target offers reasonable hope of ready achievement cannot be 
usefully discussed unless a thorough and accurate atmospheric survey is made 
in both types of foundry. 

3. Cases have been found among die-foundrymen (although rarely). 

One conclusion to be drawn from this is that, since the amonut of dust in a die- 
foundry is minutely small, there is little hope of achieving this standard in all parts ae 
of a Sand foundry. The cases in die-foundries must be due to the abnormal suscep- - 
tibility of a few men or to a type of dust which is unduly dangerous from its chem- 3 
ical nature. It is, therefore, important that all assessments of dust samples should 
include chemical analysis. The above finding may support the view that there is 
little hope of making any foundry 100 per cent safe against pneumoconiosis risk 
in the foreseeable future. X-ray supervision remains the man’s final safeguard 
but should be necessary only at rare intervals when dust control has improved. 


4. Examination of occupational history shows a high percentage of cases among 
fettlers, etc. 

We note that the dust from the unventilated grinding wheel is probably a risk 
that should be most urgently investigated and isolated where it cannot be con- 


trolled. 
OVERALL CONCLUSIONS 


Suggested approach to the problem. 

For immediate action to follow up the X-ray findings there are several means 
at our disposal. 

(a) The listing of occupations which come under special Factory Act regulations. 

(b) The examination of these jobs to see that statutory duty is being fulfilled. 
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(c) The testing by smoke or light beam methods of the efficiency of dust extrac- 
tion systems. 

(d) The testing of atmospheric conditions by the use of the Hexhlet sampling 
device in the vicinity of dangerous operations or at selected stations to assess general 
ventilation conditions. These tests should be repeated to check the effects of altera- 
tions or new installations (Fig. 7). 


COMPRESSED AIR AIR EJECTOR 
Foundry air line J 
— 


Air to be 
EVACUATION 
CHAMBER 
Vocuum pressure 
induced by possoge 
of compressed oir 
through air ejector 


ELUTRIATOR CONSTANT PAPER THIMBLE 


Coorse porticies fal! FLOW Collects ol! dust in 
ond collect on plotes ORIFICE oir passing through 
elutriotor 


Fic. 7. The Hexhlet dust sampler. 


(c) Chemical analysis of atmospheric dusts by X-ray diffraction methods can 
be done. 

(f) Observations can be made on general ventilation. 

Facts and figures of balance sheet accuracy are not too difficult or expensive 
to obtain (or estimate) both for air movement and contamination. 

Any foundry has a known number of openings of ascertainable size, both in 
walls and roof. The realistic approach demands that certain facts should be known 
about each opening. 

(1). Whether it represents an inlet or outlet of air. 

(a) on all occasions 

(b) varies with weather changes 

(c) varies with alteration in heat sources inside the foundry. 

(2). Whether the opening of windows, rooflights and doors change the air move- 
ment direction. Whether operated 

(a) singly 

(b) together 
(3). Whether the adjustment of these openings is controlled by responsible people 
with the requisite knowledge. 

(4). A calculation should be made to see that the total air outlets balance the total 
air inlets when allowance is made for temperature differences and summation of 
exhaust systems, furnace intakes, etc. 

It must be accepted (in spite of past experiences both good and bad) that no 
alteration to general ventilation — even the removal of a few feet of sheeting — 
should be done without thought of its effect on general air stream. This thought 
is wasted if general air stream direction is not known. 
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LOCAL EXHAUST AND EXTRACTION SYSTEMS 


The fundamental engineering problem is the control of dust at source. Because 
of the need to study production requirements and expenditure it has not been possible 
to pursue the methods and apply them in the way that would be done in say the 
Chemical Industry. Nevertheless this is probably the standard that would be re- 
quired if all medical and legal ideals were to be fulfilled. That this is impracticable 
should not absolve us from using the methods, materials and appliances available 
to the best advantage. I do not think in view of the consequences of failure that it 
is too much to institute a system of inspection as stringent as that for chains and 
lifting tackle. Coupled with this could well be an instruction to supervisors 
regarding responsibility for any such appliances under their control. 

Most extraction systems require periodic maintainance and it should be possible 
without much further effort to record 

(i) whether it has been tested 

(ii) whether on test it fulfilled its designed function 

(ii) whether it was designed in accordance with modern knowledge (c.g. 
B.C.I.R.A. Foundry Ventila‘icn & Dust Control Publications*) 

(iv) an estimate of its efficiency expressed in terms of percent dust control in 
cases where this is of great importance (Hexhlet and other methods may 
provide an actual efficiency index). 

The above remarks may legitimately provoke the engineer to retort that we still 
have not offered any evidence as to the incidence of disease among ironfoundrymen. 
It will, however, be obvious that there is more information yet to be extracted from 
the data already accumulated. Meanwhile there should be no harm in a brief interim 
discussion such as this, since further work should alter it only in emphasis. 

Before we had announced the scheme an enquiring foundryman wanted to know 
what was in the X-ray caravan. I told him I thought that it was the most powerful 
machine yet invented for cleaning up a foundry. Later | thought perhaps | was 
wrong, that this should be the Hexhlet elutriator which for the first time gives us a 
truer picture of the atmosphere. | now know that I was wrong, it is the tying 
together of process knowledge, X-ray findings and atmospheric investigations 
which will make the job possible. In a word — the Occupational Hygiene team. 
Acknowledgements —1 would like to thank my own team, I cannot mention them all individually 
but outside of our own Companies I must say that the help of Dr. Core, the Chest Physician, 
Mr. Gwiiutam of Powers-Samas, Mr. Meap of Watson's has been invaluable. The advice of 


Dr. MacLouGuuin and Dr. Merewerner so freely given has encouraged all of us. I only hope 
that as spokesman of such a team I have not failed them in this presentation. 


DISCUSSION 
In reply to an invitation by the Chairman, Dr. Fay (National Coal Board) said he had no actual 
questions to put to Dr. MAacBarn, but would like to congratulate him on his most interesting paper 
and also to make a few comments, mainly to emphasize some of the points he had brought out. 
In the National Coal Board’s Pneumoconiosis Field Research they had 30,000 men under 
observation and their experience had most certainly confirmed how essential it was to take account 
of age and years of exposure when comparing the prevalence of pneumoconiosis in different sections 


* Proceedings of the 1956 Harrogate Conference. 
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of the population examined. It was so easy to get a small response in a group of men at relatively 
high risk, simply because they were too young yet to show the signs of exposure in their current 
occupation. 

Secondly, it appeared from what Dr. MACBain had said that he was fortunate in the ironfoundry 
industry, as compared with coalmining, in that men appeared to “specialize”. For example, it seemed 
that a fettler of today was a fettler yesterday, and had always been one. This meant that the meas- 
ured prevalence of pneumoconiosis within a group of men engaged in a given occupation at the 
time of their X-ray examination had some bearing on the hazard to be attached to that occupation 
in the past. With very few exceptions (e.g., colliers in South Wales), the situation was quite different 
in coalmining. These men changed their jobs and places of work relatively frequently, and it was 
the exception rather than the rule to find men with a “pure” occupational history. The result was 
that the prevalence of pneumoconiosis revealed by the X-ray examination of men in a particular 
occupational group did not give a true indication of the risk of that occupation. For example, 
on that criterion, surface “non-dusty” work in collieries would apparently rank as a quite hazardous 
occupation, due to the fact that many such workers had a history of exposure to considerable dust 
before transferring to less arduous, and less dusty, work on the surface. 

Lastly, he wondered whether Dr. MACBAIN would be better able in his industry than they had 
been in coalmining to extrapolate back to assess with reasonable accuracy the dust concentrations 
existing in the past. Short of a sound basis on which to do so, there was a very real danger in 
attempting to correlate disease with dust exposure in quantitative terms. In the Pneumoconiosis 
Field Research they had concluded that the dust concentrations of ten years and more ago were, 
in general, known with insufficient accuracy to justify correlations between pneumoconiosis 
and dust exposure. Hence, until such time as they could use the accurate dust measurements which 
they had been making now for more than five years, they had used years of exposure in certain 
occupations and environments as an approximate measure of past exposure for preliminary corre- 
lations with prevalence of radiological pneumoconiosis. 

Dr. NAGELSCHMIDT asked whether pulmonary function tests or other tests of disability had 
been used since it has recently been shown that with impure dusts X-rays register dust and not 
fibrosis. In reply, Dr. MACBAIN said that they had found no massive fibrosis and that so far they 
had made no tests of pulmonary function. 

A speaker asked about obtaining the co-operation of employees. Dr. MACBAIN replied that 
this had been eased by the co-operation of the Foundry Workers Union, with whom the project 
had been discussed at an early stage. 

Mr. J. R. Hopkinson asked Dr. MAcBain if his data permitted him to make any estimate of 
the maximum permissible safe dust concentration for foundry dusts, say in mg of dust per m3 
of air measured by the Hexhlet apparatus? 

Dr. MaAcBAIN replied that at the present stage of investigation there was not sufficient evidence 
available to warrant an attempt to make such an estimation. If the observations made it possible 
to hazard a guess at a maximum permissible safe dust concentration, circumstances would seem 
to make it unwise to do so at present. 

Dr. MAcBaIN replied that it was because of the difficulty to which Dr. Fay drew attention that 
they were inclined to set greater value on the investigation of men who were not at risk before entering 
the foundry trade as in these cases they had more certainty about the industrial histories. 

When they took the foundry, fettling and coreshop workers and excluded labourers, main- 
tenance men, etc., they thought that it was true to say that there was comparatively little interchange 
between groups. 

They were keenly aware of the dangers of attempting to “extrapolate back” to assess dust con- 
centrations in the past and therefore in attempting to make too rigid a correlation between dust 
exposure and disease in terms of numbers or severity. In looking at the industrial histories of those 
employed by their group in the relevant time period it might however be possible to make a closer 
iust exposure estimate than was possible in the more variable conditions in coalmining. 
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THE CONTROL OF FUMES IN THE ELECTROPLATING 
INDUSTRY 


H. W. HurRLey 


W. Canning & Co. Ltd., Great Hampton St., Birmingham 


INTRODUCTION 


THERE are two distinct exhaust problems in the electroplating trade: one is fume 
removal and the other dust removal. 

Certain solutions give off fumes which can be irritating to the operators. These 
include chrome, copper, cadmium, zinc, caustic cleaners, and of course, steam 
from hot water swills. The latter is not so much harmful to the individual as to 
surrounding steelwork which becomes corroded. 

It is, therefore, desirable to remove these fumes and either blow directly into the 
atmosphere or alternatively to remove the fume, scrub or wash the fume, and then 
blow to atmosphere, thereby returning clean air to avoid pollution. These different 
types of scrubbing will be referred to later, after consideration of the different types 
of fumes with which one has to contend. 


CHROME PLATING 


This is an electrolytic process. Chromic acid is used to replace the metal deposited 
and is added regularly. Since the cathode efficiency of a chrome solution rarely 
exceeds 20 per cent and is more often in the order of 14 per cent, of the theoretical 
value, much of the current is used in the evolution of hydrogen and to a lesser degree 
oxygen. Certain regulations have to be conformed to, i.e., solution level must be 
8 in. below the top of the tank and an efficient fume exhaust is necessary; therefore 
a fan is required and must be run continuously while the tank is in operation. The 
object, of course, is to prevent the fine chromic acid spray entering the atmosphere 
and thus to safeguard the health of the operator. 

An additional measure often adopted is the use of “chroffles’’. These may be of 
plastic or glass and serve to break up the chrome-impregnated hydrogen bubbles. 
The former consist of small balls approximately 1} in. in diameter which float 
on the surface of a plating or cleaning solution to form an inert blanket. They 
minimize objectionable spray from cleaning and plating solutions and reduce heat 
losses from the surface of the bath, the saving being of the order of 10 to 12 per 
cent of the normal heat required. They also reduce the cleaning and maintenance 
of the exhaust system, busbars and racks to a minimum, with resulting saving in 
time and labour costs, in addition to affording an extra safeguard to the plating 
shop staff. They are inert to plating solutions and, due to their shape, ball chrof- 
fles roll away from projections, etc., on work and maintain uniform coverage of 
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the solution surface. Polythene chroffles can be used with all plating and cleaning 
solutions where objectionable spray is involved. 

In addition, there are inert surface active agents employed as spray suppressors. 

An unpleasant feature of chromic acid spray, if inhaled, is that it causes nasal 
ulcers, leading to perforation of the septum. 

A copious supply of hot and cold water is necessary in the shop and it is generally 
arranged for protective clothing in the way of gloves, aprons and rubber boots 
to be available for use by the operators to prevent any contamination with the 
chrome solution. A medical examination of the operators is usually made at biweekly 
intervals by the works doctor. In addition, operators should be inspected twice 
a week by a responsible person. 


FiG. 1, Unloading tin-zine plated articles from an automatic plating plant. Certain of the solutions 
used in this process contain cyanide and exhaust equipment is fitted to remove spray and fumes 
generated during the process. Photograph:—Lockheed Hydraulic Brake Co., Ltd. 


NICKEL PLATING 


Very little trouble is experienced in this process considering the enormous gallon- 
age of solution employed in industry. It is usually only experienced where formal- 
dehyde is used or there is carelessness and a lack of personal cleanliness on the part 
of the operator. Here again some types seem to be more prone to trouble which 
takes the form of an irritating rash known in the trade as “nickel itch’’. Various 
palliative ointments are available. Although not essential for manually operated 
tanks, slot type exhaust is usually provided on automatic plating equipment to 
prevent corrosion trouble on surrounding plant. 
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CLEANING OPERATIONS 
These involve the use of solutions containing alkalis such as caustic soda, sodium 
carbonate and silicates, together with wetting agents. Undue contact with this 
type of solution may induce dermatitis. Such cleaners are often used with low volt- 
age current and hence there ts evolution of considerable hydrogen gas at the cath- 
ode face and consequent carry-over of alkaline spray. 
Slot type exhaust, which is easily removable for duct cleaning, is fitted on these 
tanks in large installations. 


Fic. 2. Manual plating installation for copper, nickel and chromium. Tanks are fitted with fume 


extraction equipment to ensure clean working conditions. The side ducts are connected to under- 
ground mains so that the tanks are free from obstruction 
Photograph:—Desmo, Lid 


COPPER, ZINC AND CADMIUM PLATING 
Many of the high-speed alkaline solutions contain varying proportions of sodium 
or potassium cyanides and caustic alkalis. There is little trouble with cyanide fumes 
as might be expected but considerable nasai and throat irritation from finely divi- 
ded alkaline spray, particularly from solutions with considerable caustic content, 
unless an efficient slot exhaust is included. This is eminently desirable and a part 


of standard equipment for large installations. 


HOT WATER SWILLS 
These, of course, are not injurious but slot type exhaust is desirable to eliminate 
a shop full of steam and ultimate corrosion to steelwork and trusses, etc. 
Consideration must now be given to the exhaust systems and in this direction 
we have various types, the most common being the slot type of extraction which 
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is situated at the lip of the tank on one, two or three sides, depending on the size 
of the tank. There is also “blow and suck” which is used extensively on the Con- 
tinent and in America. Another method not so widely used these days is the “fish 
fryer’ type of hood. Of these three, the single-sided exhaust duct, which is the 
commonest, will be dealt with first. 

With a single-sided duct it is possible to extract the fumes from a 5 ft wide tank 
but this demands a slot of adequate size, say 6 to 8 in., exhausting air at the rate 
of about 1400 ft) per linear foot of slot or 2000 ft per min velocity. This represents 
275 cubic ft} of air per min per ft? of liberating surface. By comparison a 3 ft wide 
tank would only require a slot of about 34 in. and the volume of air per linear foot 
of this slot would be 500 ft} per min with a slot velocity of 1700 ft per min. This 
represents 160 ft} per min per ft? of liberating surface. The wider the tank the greater 
the number of ft} per ft? of liberating surface. 


Fic. 3. A bright dipping installation. Lip extraction ducting removes corrosive fumes produced 
when dipping is in progress. 


The velocity of the air entering the exhaust slot is of secondary consideration 
to the volume of air being exhausted at that point. 

From the point of view of economics, a compromise has to be made between 
the cost, on the one hand, of the construction associated with a very deep slot, 
and on the other hand, the increase in h. p. required on the fan as a result of the 
increase in resistance to air flow caused by a very narrow slot. 

Other factors which enter into consideration are appearance and accessibility, 
and the latter is of prime importance on a tank requiring double-sided ducts. Here 
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slot sizes must be kept to a practical minimum to facilitate easy operation and 
avoid unnecessary damage to the slot constructions. 

Double-sided slots necessarily cost slightly more than a single-sided slot for the 
equivalent width of tank, but the actual volume exhausted is less by reason of the 
fact that no part of the liberating surface is more than half the width of the tank 
away. The fumes are, therefore, more easily captured and there is the added advan- 
tage of a general down draught of air on the tank surface. 

An alternative method to the double exhaust system referred to is that of provid- 
ing a curtain of air several inches above the surface of the solution and directed 
horizontally across the tank into the deeper exhaust slot on the opposite side. This 
has the effect of containing the fumes under the curtain and ensuring their capture 
by the exhaust slot. This type of extraction is commonly referred to as “blow and 


suck”. 


Fic. 4. A hard chrome plating installation. Fume extraction ducting for the removal of fine spray 
is fitted to the plating tank and connected to overhead ducting. Photograph:—Wellworthy, Ltd. 


It is necessary to ensure that in all circumstances the exhaust volume exceeds 
the air curtain volume by at least 50 per cent so that the velocity of the air curtain 
at the point of entry to the exhaust slot does not exceed the velocity of the air en- 
tering the exhaust slot; otherwise overspill is likely to occur. 

Tests have been carried out using a single fan with a bleed off on the discharge 
side and whilst this is economically desirable it was found to be impracticable. 
It is, therefore, fairly obvious that a separate blowing fan is needed as well as the 
normal exhaust fan. 
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As the blowing fan is handling reasonably clean air, no very special corrosion 
protection is necessary for the fan. 

All exhaust fans, however, must be protected in some way against deterioration 
depending on the nature of the solutions used in the particular processes. Types 
include all plastic, polythene-coated, rubber-covered, and bitumastic painted, etc. 

Either axial flow or centrifugal type fans are used, the former enhancing the 
appearance of the system by reason of the fact that the fan itself forms part of the 
duct and requires no bends into and out of the fan as is the case with the centri- 
fugal fan. With this latter type, the air enters the side of the fan and is discharged 
out of an opening in the periphery of the fan, thus travelling through a right angle. 


Fic. 5. An automatic anodizing installation. This shows the fume extraction equipment for the 
removal of acid spray generated during the anodizing operation. Photograph: — Frigidaire Division 
of General Motors, Ltd. 


Whereas the centrifugal or paddle type of fan is perhaps as yet more likely to 
give a longer life where special protection from the more damaging fumes is re- 
quired, the axial flow has most desirable features from the appearance point of 
view, ease of erection, and general higher efficiency with saving of horse power. 


CORROSIVE ACID FUMES 


There are certain fumes which should be scrubbed, principally nitric, chromic 
and concentrated hydrochloric acid vapours. To answer this problem, a special 
scrubber has been designed. It consists essentially of a circular plastic-lined con- 
tainer some 2 ft 6 in. in diameter and 6 ft long, dependent on size of tank. The fume 
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enters the bottom of the container, passes up through angle baffles, then through 
plastic spherical diffusers and thence to the atmosphere. 

A water spray which covers the entire area of the container is continuously 
recirculated, and the fume therefore has to pass through this curtain of water, which 
covers the full length of the container, before reaching the atmosphere. 

A highly successful scrubber designed specifically for chrome consists of a rec- 
tangular container situated in the main duct run and contains a compartment of 
spherical diffusers. Periodically these diffusers are washed by means of a manually 
operated spray and ultimately returned to the tank for make up. This arrangement, 
therefore, combines cleanliness with economy. 


Fic. 6. Extraction ducting fitted for the removal of steam from the hot cleaning sequence of an 
automatic copper, nickel and chromium plating installation. Photograph: —- Yale & Towne, 
Mfg. Co. Ltd. 


REMOVAL OF POLISHING DUST 


Very briefly the situation calls for trapping the dust at source and conveying it for 
extraction through centrifugal separators or filters and thence to the atmosphere. 
The centrifugal separator is essentially a cone into the top of which dust-laden 
air enters tangentially. A vortex is formed in the centre, the dust falls to the small 
opening at the bottom of the cone and is there trapped in an airtight bin. The cleaner 
air is discharged vertically through a low velocity outlet at the top of the cone. 
As an alternative, the bag filter is constructed of rows of tubular filter cloths 
suspended between a top and bottom dust box. Dust-laden air is discharged into 
the top box, the dust passes down the centre of the tubes and the air passes out 
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through the surface of the tubes. The dust is collected in the bottom box and 
periodically removed. 

Where there is a serious risk of fire, e.g., from “scurfing’’ steel components, 
the filter cloths can be fire-proofed. 

There are some very excellent examples of exhaust systems in and around the 
Birmingham area and arrangements can generally be made for visits and inspection 
by anyone sufficiently interested to see how these problems associated with the 
plating industry are tackled. 

As in every branch of engineering, there is a constant striving to improve stan- 
dards, and marked advances have been achieved, particularly in the methods em- 
ployed for capturing fumes and eliminating them from the atmosphere. 

Efforts have been made by various sources to improve hood and slot design and 
treatment of fumes when trapped. 

Much research work has been carried out on improving the efficiency of dust 
separators and collectors and the British Cast lron Research Association in collab- 
oration with manufacturers of dust exhaust equipment have produced buffing 
and polishing extract hoods of an efficiency undreamed of 15 to 20 years ago. 


DISCUSSLON 


Dr. D. E. Hickisn said that he was surprised at the statement that with increased tank width 
control was maintained by increasing the volume of extraction rather than the velocity at the slot. 
It was his opinion that the velocity of extraction was the main criterion, and that as the tank width 
increased, the slot entry velocity should be increased so that the resultant controlling velocity at 
the far side of the tank would remain constant. It would also be necessary to increase the volume 
of air extracted but the velocity at the remote point was of prime importance. 

It was sometimes found that slot exhausts were least effective at the corners of the tank remote 
from the suction source, and this was probably due to uneven distribution of extraction along the 
length of the slot. Had the manufacturers of slot exhaust systems considered providing some form 
of flow adjustment so that the distribution could be adjusted by the works engineer after installa- 
tion? 

Mr. Hurtey had mentioned that push-pull systems of tank exhaust were used widely in the 
U.S.A. and on the Continent, but not in this country. Was there any basic reason for this. 

Mr. Hur.ey replied that the reason for not using push-pull exhaust was the greater complica- 
tion and expense which it involved. 

Dr. GARLAND asked Mr. Hurtey what velocity of air movement across the top of the tank 
was held to be necessary to remove all fumes. In practice he had found that a lip exhaust on one 
side of the tank only cleared the fumes satisfactorily from that side but not on the far side. He 
thought this was always likely to be the case because of the mathematics involved during the move- 
ment of air through a narrow opening. 

Mr. Hur.ey replied 2000 ft/min slot velocity and the depth of the slot depends upon the width 
of the tank. Equalization of flow along the slot is effected by means of baffles. 

Dr. GARLAND repeated his question about the required velocity over the surface of the tank. 
Mr. Hurtey replied that extraction was specified in terms of ft/min per ft? of liberation surface. 

There followed several exchanges and the CHAIRMAN interposed to say that he thought the 
important measurement was surely the velocity on the far side of the tank from the duct opening. 

Mr. Hur ey said: We feel that the volume is the controlling factor and not the velocity at the 
slot where increased width of tanks is concerned. 
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Reference should be made to Fig. 13, p. 29 in “Design of Industrial Exhaust Systems” by J. L. Alden 
published by the Industrial Press, 148 Lafayette Street, New York 13. It will be noted that this 
illustrates velocity contours and flow directional lines through rectangular slots and indicates that 
with a slot depth of W in. at a distance of 160%. W away from the slot the entraining velocity falls 
to 10 per cent of the velocity at the mouth of the slot, e.g. with 2 in. slot and 2000 ft per min 
velocity the controlling velocity 3 in. from the mouth falls to 200 fi per min so it is, therefore, 
inpracticable to consider the velocity at the slot as controlling the exhaust at the opposite side 
of the tank. 

For further reference to this subject see p. 120 on ““What Are Limits of Slot Exhaust"”—“volume 
of air exhausted not high velocity that really counts” by A.B. Epple, Assistant Professor Mechanical 
Engineering Dept., University of Michigan and published by the Keeney Publishing Co., 6N 
Michigan Avenue, Chicago 2, Illinois Volume December, 1958. 

It is agreed that, unless care is taken in the initial design of ducts, then bad distribution can 
occur and consequential inefficiency of the exhaust slots. Some manufacturers do provide balancing 
dampers for equal distribution of air flow over the tank. 

With regard to the push-pull system, the manufacturer sometimes has difficulty in convincing 
the customer that the increased efficiency justifies the additional expenditure. 
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AIR CONSERVATION IN INDUSTRY 
G. H. VoKes 
Vokes Ltd., Guildford, Surrey 


INTRODUCTION 


THE past generation has seen the shattering of a multitude of age-old cherished 
beliefs. The manner in which our schoolboy idea of an atom being the ultimate 
indivisible particle has been upset by modern atomic science is but one of the more 
spectacular examples. The term “Free as Air’ is another. The world is fast being 
forced to accept the unpalatable fact that the atmosphere is finite; even that vast 
gaseous ocean which surrounds our globe has its limits as a reservoir for the detri- 
tus of industry. The radiation hazard now being so forcibly brought home to us 
has underlined this fact with stark urgency. 

If the world’s atmosphere has its limits as a receptacle for dirt, how much more 
obvious does it become that enclosed working spaces have severe limits? Industry 
produces dirt and dust; that is inevitable. However, we can, by careful study and 
improved methods, reduce this to a minimum. Gaseous impurities are also formed; 
sulphur dioxide is perhaps one of the most serious. Then again, liquid aerosols 
can be a formidable problem. 

It is obviously essential to remove all such matter as quickly as possible from 
working and living spaces, as, singly or collectively, atmospheric impurities can 
have severe health effects, which will no doubt be commented upon expertly during 
this conference. Two basic procedures are possible: 

(1) The contaminated air can be exhausted to the atmosphere, or 

(2) it can be purified and recirculated to the shops or process rooms. 

I do not wish to dwell long on (1), but it is self-evident that the extent to which 
foul effluents can be morally allowed to despoil the atmospheric reservoir must 
sooner or later be limited. This becomes a matter of immediate urgency in local 
heavily—populated areas, and one does not have to go as far as Poza Rica, Donora, 
Los Angeles or even London or Sheffield to see why! 

This paper is intended to emphasize the attractive feasibility of internal recircula- 
tion from dusty processes, providing adequate dust removal means are incorporated. 
The overall effect of district or world-wide pollution is a different problem which, 
however, will have to be tackled seriously in the future as the various Clean Air 
Acts in different countries slowly take effect. My reason for mentioning this is that 
removal of pollutants to allow recirculation will at the same time improve con- 
ditions in the neighbourhood. 

Recirculation of conditioned air within the premises is not a new idea by any 
means. Wherever possible it is obviously not only economic to do so, but, in cer- 
tain cases, the result may be better than introduction of fresh air of questionable 
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The objections to recirculating air can be placed under three headings: 

|. If air is recirculated without being adequately cleaned, the principle is obviously 
unsound technically, and it would be immoral to try and impose it on the 
occupants of the factory or mill. 
If recirculation costs more in filter replacements, motive power, etc. than the 
introduction of fresh air, there is generally little point in doing it. 
The political question arises as to official regulations which may not permit 
air to be recirculated even when it can be shown to be not only feasible tech- 
nically, but to provide a cleaner result than would be economically possible 
otherwise. 

| hope to deal with these aspects separately, but should firstly make brief refer- 
ence to the frequent economic advantages in recovering process dust which can 
be recycled and so effect a direct saving. 

Then, also, before proceeding, | should mention contamination caused by liquid 
aerosols and gases which, although capable of solution in many cases, must be 
a denied consideration here, on the grounds of space. 

I shall now deal with the three above considerations in turn. 


THE TECHNICAL ASPECT 


Technically there is no insurmountable problem in cleaning air to any desired 
degree. Modern advances have produced apparatus of several types which can 


achieve remarkable cleaning results, and perhaps I should mention three: 
(a) The electrostatic precipitator, 
(b) The disintegrator scrubber, 
(c) The dry filter. 


(a) The electrostatic precipitator 

By the very principle of its operation, the electrostatic precipitator is most altract- 
ive, as there would seem to be virtually no low limit to the dimensions of particles 
which can be efficiently removed, and it is generally accepted that the range between 
0-5 and 2 microns is the most dangerous. 

Several factors must obviously be borne in mind. Firstly, the single-stage precip- 
itator employing a negative corona wire charged to a high potential, can produce 
excessive ozone concentrations and oxides of nitrogen. The toxicity of these may 
well be worse than that of the dust removed. However, one would not normally 
utilize a single-stage precipitator for recirculated air, and the two-stage unit with 
separate charging and collecting sections is a feasible proposition. Performance 
can be as high as desired, and the air leaving the unit may well be far cleaner than 
the outside atmosphere. 

My own view is that the real disadvantage of the precipitator for any installa- 
tion subject to the vagaries of maintenance and power supply, is that it does not 
inherently “fail-safe”. If for any reason the high tension supply fails, there will 
be a tendency for collected dust to be carried through, and this might occur in 
an excessive concentration for an indeterminate period. It is usual, therefore, when 
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precipitators are used on particularly dangerous dusts, for them to be followed by 
efficient dry filters, which have the advantage of requiring no outside energy for 
their operation, so that they do, in fact, fail-safe. 

A major disadvantage in the use of precipitators occurs in textile mills, where 
the fibrous nature of much of the dust load causes a secondary problem both in 
removal of the deposits from the precipitator electrodes, and in a tendency for 
them to bridge the electrodes, causing flash-over, with possible fire hazard. It is 
therefore essential when using a precipitator on textile work to precede it with 
an effective means for removing fibrous matter. 


(b) The disintegrator scrubber 

The second device I mentioned was the disintegrator scrubber, and this type 
of apparatus can possess outstanding performance, not only on fine solids, but 
on liquid mists and some gaseous impurities as well. Also, with suitable controls 
and assuming it uses water as the washing fluid, it can be made to control humidity. 


(c) The dry filter 

Thirdly, the dry type filter, operating by combined processes of impingement 
and diffusion of particles on to the fibres, has now been brought to a stage of per- 
fection where separating efficiency can be literally as high as desired while yet main- 
taining complete reliability and a fail-safe characteristic. 

The main technical disadvantage of a dry filter is its inherently limited life before 
requiring to be serviced or replaced, and these operations can, with poor design, 
introduce a secondary dust problem. 


THE ECONOMIC ASPECT 


To deal with the three basic types of apparatus under this heading, we should 
firstly refer to the electrostatic precipitator. Despite advantages in requiring but 
limited replacement of components once installed, the capital cost is high (H.M.S.O. 
1952), and it would generally be difficult to justify installation on economic grounds. 
As one of my main aims in preparing this paper is to indicate the economic advan- 
tages of air recirculation, I do not intend to consider this type of equipment further. 
1 should make it quite clear, nevertheless, that in certain circumstances a combi- 
nation of technical and economic factors with expediency might well justify the 
use of a two-stage precipitator perhaps followed by a high efficiency filter to guard 
against breakdown. As the filter would normally be fed with extremely clean air, 
its replacement costs should be low and not add greatly to the cost of the precipit- 
ator installation taken over a period of years. 


Turning now to the economics of wet devices, such as disintegrator scrubbers, 
we find that not only can first cost be high (sometimes as much as only 2 or 3 ft3/min 
per pound sterling), but the power requirement to produce adequate scrubbing 
effect and atomization of the liquid is considerable. I have been quoted figures 
suggesting that 220 kW electrical power would be required by a unit to handle 
100,000 ft3/min. 
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Once again, therefore, we are forced to the view that it would be hard to justify 
the use of a wet collector on economic grounds, though questions of liquid and 
gaseous contaminants requiring removal might well reverse this situation in special 
circumstances. 

There can be little doubt that the wide range of devices made possible by the 
essentially flexible principles of dry filter design greatly simplifies their application 
to dust problems. Dry filters are available with reasonable efficiency for prices 
measured in shillings per individual panel, capable of handling up to 1000 ft}/min 
and versions are available in which the filter medium can be easily replaced without 
wastage of metallic components or parts, or in which it automatically rolls itself 
up after becoming loaded, so permitting easy removal. 

Further up the scale dry filters are now available in forms permitting almost 
any desired degree of particle separation, and in convenient shapes and sizes to 
facilitate installation of standardized components in banks. Development of high 
efficiency filters owes much to the stringent requirements of the atomic energy 
industry, and applications requiring almost complete removal of bacteria. One 
of the earlier devices was the so-called “Canister” filter (Fig. 1). 


Fic. |. Canister filter—part sectioned. 


Hitherto high efficiency air filters had demanded the use of dense fibrous or 
ceramic packs, necessitating a back pressure measured in Ib/in? to force the air 
through. Applied to a large scale installation, this would obviously require a vast 
amount of power. The initial canister filters utilized the electrostatic attraction 
properties of certain high resistivity resins to attract fine dust from air passing 
through, and the resin, in turn, was held in a fibrous structure of fine Merino wool. 

A later development largely ignored the electrostatic effect, and substituted 
a finely carded mixture of asbestos and wool fibres. Both these types of filter have 
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been used in large numbers for the most stringent applications of air cleaning, 
but would be useless for consideration here on account of their high cost per 
ft3/min of air filtered. Subsequent developments have resulted both in improved 
performance and reduced space and cost requirements for a given flow capacity, 
and one of the latest types of “Box Canister’’ filter is shown in Fig. 2. 

Once again, such filters remain expensive, and the first reduction of high sub- 
micronic performance to more normal cost standards was represented by the so- 
called paper “Absolute”’ filter. 


FiG. 2. Box type canister filter. 


The special paper may consist either of a carefully blended mixture of cellulose 
and asbestos fibres or of a graded range of glass or similar fibres. In either case, 
the principle is to utilize a relatively coarse fibre as a supporting framework for 
a mass of fine fibres, and to combine advantages of low pressure drop with the 
former with the high efficiency of the latter. In addition, the increased total volume 
of voids provides good storage capacity for collected solids. 

Despite these factors, paper is of fine structure relative to the laps, and requires 
to be used in large areas if adequate solids capacity is to be allied to reasonable 
overall dimensions. A filter panel of this type is shown in Fig. 3. 

From the above it is obviously possible to choose a dry filtration system combining 
technical considerations and cost to almost any desired degree, and for this reason 
I intend to base most of my reasoning on such filters. 
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THE OFFICIAL POSITION 


This aspect needs to be examined closely, for obviously the official requirements 
by way of regulation have to be so framed as to provide maximum assurance of 
safe working conditions. 

While in no way denying the desirability and necessity for this attitude, | feel 
that there are many considerations which, perhaps, have not hitherto received 
adequate emphasis. 


Fic. 3. Paper absolute. 


Originally there is no doubt that regulations forbidding recirculation of dusty 
air were based on the concept that such air could not be rendered as clean as fresh 
air pumped from outside. Also, no doubt the authorities have been concerned with 
possible low standards of maintenance, which could result in an otherwise satis- 
factory installation being unsafe. Finally, the question of highly toxic dusts must 
arise, and I would agree here that these must receive special consideration. It may 
even be necessary to go to the lengths required in the atomic energy field, where 
both high efficiency filtration and discharge to atmosphere are required. Fortun- 
ately, few industries require to deal with dusts as potentially toxic as these, and the 
problem will be correspondingly eased. 

On the assumption that filter performance can be proved to be adequate to meet 
all official requirements, there remains the possibility of breakdown due to impro- 
per maintenance. This is obviously a vital consideration, and in many cases might 
be considered to condemn out of hand the principle of recirculation. I think, how- 
ever, that two factors must be considered. Firstly, safety regulations have to be 
enforced in industry, and I may take, for example, the periodic inspection of high 
pressure equipment such as boilers. It should obviously be made the responsibility 
of the factory management to maintain their equipment to a reasonable standard, 
and periodic checks by the appropriate authority would have to be instituted to 
ensure that this was done. Secondly in the past, when thinking of recirculation 
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of air vented from processes, work-rooms, etc., the consideration has merely been 
that of recirculating direct from bag filters of, perhaps, questionable reliability. 
Although it can frequently be shown that the effluent from a good bag filter is 
cleaner than air induced from outside, the fact remains that one or more bags may 
get torn and permit direct recirculation of dust. 

Perhaps I should emphasize right away that I, for one, would never advocate 
recirculation of air direct from a conventional bag filter back to working areas. 
What I am suggesting is that, although an unsupported bag is obviously a poor 
risk, a well supported static filter is a much more reliable proposition, and the fact 
that it is used for far more exacting processes than met with in most factories in- 
dicates this. Both types will possibly be required, and I shall comment on this later. 

So far I have merely been justifying the use of recirculation as a safe alternative 
to induction of fresh air, by indicating that it can be as clean as fresh air. The 
assumption has been—and I think this must also be the assumption of the 
authorities — that air from outside is automatically safe, or safer. 

By personal observation I have frequently been surprised by the amount of sooty 
exhaust products found on intake filters located one hundred yards or more from 
exhaust outlets from diesel engines operating in desert areas where little or no soot 
would normally exist. This indicates that under some atmospheric conditions a mark- 
ed recirculation of exhaust air to the intake system can occur. There can be no 
logical doubt that a similar argument can apply to a factory or a mill. In cases where 
a very large volume of dust-laden air is exhausted, it is almost impossible to prevent 
some of this finding its way to the intake system, and cases have been reported to 
me in which the concentration of process dust in the intake is higher than that 
in the effluent from a bag filter. 

I have dwelt at some length on this aspect, as I feel that perhaps the most effec- 
tive argument in favour of high efficiency recirculation air filters is not so much 
that the air can be as good as freshly induced air, but that it can frequently be very 
much better. 


COST OF CONDITIONING 


Any economic argument for recirculating air must, of necessity, include reference 
to fuel costs and the expense of installing an over-sized conditioning plant to treat 
the large amount of air which may have to be exhausted to keep the dust concen- 
tration to a safe level. Table | indicates that, other matters being equal, coal and 
oil consumed on the premises provide the greatest number of B.t.u. per pound 
sterling. In the United Kingdom there is obviously a sustained heating requirement 
during the winter months, and in some overseas countries, notably those located 
in continental land masses such as Eastern Europe or the United States and Cana- 
da, the cost of heating can be very great. 

Many industries, notably in the textile field, also require humidity to be main- 
tained at a certain minimum level, and this also involves considerable expenditure 
of energy to evaporate necessary moisture and maintain the desired dry-bulb temp- 
erature. 
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For example, the ventilating flow, over and above that required for adequate 
metabolic air change, made necessary in a _ certain undertaking, is, say, 
100,000 ft'/min. Throughout the winter months (say October to April) the average 
temperature differential in Great Britain may be 20°F. (In other countries, such 


TABLE |, FUEL CosTs 


Cost 
B wales Combustion 
asic COST aroriiic value pence 100,000 
efficiency 
B.t.u. 


Electricity id. per unit 3412 B.t.u./unit 29-3 


Gas Is. 6d. per therm 100,000 B.t.u. therm ‘ 
Coal 100s. per ton 12,000 B.t.u. Ib 8 93 
Oi 200s. per ton 18,000 B.t.u. Ib 85 11-7 


21-2 


as the Northern U.S.A. and Canada, this figure will be much greater, of course.) 
Ignoring conduction losses through the building fabric, an approximate calcula- 
tion shows that the additional—virtually 100 per cent wasted—heat load 1s: 


100,000 0-0765 60 0-2415 » 20 2,310,000 B.t.u./hr. 


Assuming that in this case oil is deemed the .. st suitable fuel, and is available 
delivered at 200 s. per ton; also that it is burned a. 80 per cent nett combustion and 


heat transfer efficiency, the cost is: 
2,310,000 200 


l4s. 4d. per hr. 
18,000 2240 « O8 


In weekly terms, that is an expenditure of from £32 for a 44 hour week up to 
{i2i for a full 168 hour week. 

To this expenditure should be added the capital cost of oversize boiler, accesso- 
ries, and distribution components. I shall comment on this aspect in a minute. 

Next, humidity control. In many industries (notably textiles) humidity is at least 
as important as temperature, and even in Manchester humidification may be required 
during parts of the winter! In the U.S.A., Canada, and parts of Continental Europe 
and Asia, the problem is vital, as anyone who has experienced the shocking static 
during the desiccated winters in those countries can testify. 

In round figures, the evaporation of one pound of water requires 1000 B.t.u. 
in addition to the sensible heating load. Most textile processes require a relative 
humidity between 50 and 80 per cent at a temperature of around 70°F (speaking 
in round figures). Let us take 70 per cent relative humidity and 70 F as an average. 
The water content of standard air under these conditions is 75-6 grains per pound, 
which in turn equals 5-66 grains per cubic foot. Assume conservatively that 3 grains 
per cubic foot must be provided artificially; a simple arithmetic total of 


3 x 100,000 60 1000 
—— B.t.u./hr = 2,570,000 B.t.u./hr. 
7000 
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On the same basis as previously, this will involve fuel expenditure of 


2,570,000 


- 16s. per hour. 
18,000 2,240 0-8 

For a 168 hour week, this would mean a direct fuel cost of £134 per week. 

For shorter period working, the cost would reduce, but not in direct proportion, 

as the required atmosphere would have to be maintained, though at a lower output 

if ventilation were reduced outside working periods. 

A figure of £50-£60 per week due to excessive ventilation might be fair. 

The above figures have all been based on an average requirement over the whole 
heating season. Heating load on individual days or weeks during the winter may 
be very much greater than this, and a figure of £1250 fuel cost for one cold winter 
week has been quoted for a plant exhausting 800,000 ft/min of air from its pro- 
cesses. 

To the fuel cost must obviously be added the cost of heating and conditioning 
equipment for the increased loading made necessary by exhausting of air. This is 
an almost impossible aspect on which to generalize, in view of variation in indivi- 
dual circumstances. It has, however, been suggested to me that a saving of some 
£1500 could be made on the cost of a low pressure hot water boiler capable of 
heating 100,000 ft}/min, over the cost involved by the necessary ventilating flow 
and fabric heat losses. A saving of about double this would result in the case of 
steam heating. To this might be added a further £1000 to £2000 for distribution, 
plus some £500 for additional humidification plant, where required. 

Individual circumstances may well dictate figures very greatly in excess of these. 

If we assume that a large proportion of the heat load could be saved by recircu- 
lating air from processes and shops, we obviously have a starting saving which 
could be put towards the installation of the necessary filters. In certain cases the 
saving may be greater than this, because filters might have had to be supplied in 
any case for the intake air, and these could now be transferred to the recirculating 
plant. 
FEASIBILITY OF RECIRCULATION 


The problem should be considered from two angles. Firstly, individual processes 
are generally responsible for most of the dust concentration existing within the 
working spaces, and it is usual to equip these with local systems of ventilation, 
collecting the dust in the most economic manner, i.e. when it is in high concentra- 
tion. The individual points of extraction are generally fed to dust collector plants, the 
best known of which are undoubtedly cyclone type inertia cleaners and bag filters. 
The cyclone cleaner of conventional pattern (taken arbitrarily as over 12 in. diameter) 
is of limited performance and is capable of removing little more than coarse matter. 
Recirculation direct from a cyclone outlet would therefore be out of the question. 
The bag filter has been known for many years and is available in many forms, 
most of which employ a fairly efficient textile material in the form of a multiplicity 
of cylindrical bags stretched between two headers. The fundamental performance 
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of these devices can be good, but the danger of inadequate maintenance has already 
been mentioned, and in addition there is sometimes a tendency for dust migration 
through the fabric to occur during cleaning. It is also frequent practice to use a 
cyclone as a pre-filter to a bag filter. 

1 have already suggested that recirculation direct from the average bag filter 
might well be a dangerous procedure. However, where heavy concentrations of 
dust require to be handled, as will certainly be the case in exhausting from individ- 
ual processes, it is essential that some form of dust collector be incorporated in 
the system. This will generally be necessary whether or not the air is recirculated, 
as otherwise a district pollution problem could arise. I feel justified, therefore, 
in ignoring the cost of the dust collector installation when considering the feasi- 
bility of recirculation. 

I am using the term “static filter’’ to describe devices which are not fundamen- 
tally self-cleaning but which may, nevertheless, be amenable to a limited degree 
of servicing at extended intervals or use media which can be replaced when necessary. 
Obviously such filters could not economically handle the dust load possible with 
dust collectors, but if used either as a second stage to a dust collector or to remove 
dust from air recirculated from general working spaces, they are capable of an 


adequate economic life. 

An additional factor sometimes enters the picture when the recovered process 
dust is of some value. Here again, I feel that perhaps it is not really fair to include 
this as justification for recirculating air, as the bulk of the dust should in any case 


be handled by the collector, which would be present whether or not the air was 
recirculated. 

Although it would be possible in all cases to achieve safe recirculation if cost 
were no object, by the installation of efficient absolute filters, results which would 
be more than adequate for normal conditions could be obtained much more econom- 
ically if we had some idea of the rate of formation of fine dust. 

Any filter installed in a closed circuit will remove a proportion of dust at each 
circulation and, depending on the relative rate of formation and rate of removal, 
an equilibrium concentration will become stabilized. The object of any investigation 
is to arrange for the equilibrium concentration of dust to be adequately below 
the safe maximum which must obviously exist in every case. Again it is an 
unreasonable assumption that air induced from outside will automatically contain 
even less dust. This may well not be the case, or, if it were, might only be so after 
the “fresh’’ air had itself been filtered. 

The rate of removal of dust in a certain size range will be the product of recircu- 
lation rate and the proportion removed on each pass. Hence a highly efficient filter 
will provide a given equilibrium concentration for a smaller recirculating flow 
than a lower efficiency filter. However, it may well be that the lower flow rate may 
be inadequate to remove the harmful solids quickly enough from their points of 
production, and may allow them to escape into the general atmosphere, to be 
breathed by the occupants. It may be necessary, therefore, to increase the movement 
of air. If the same high-efficiency filter were employed, this would reduce the solids 
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well below the maximum allowable level, and although this is no disadvantage, 
it might prove uneconomical. 

As an alternative, advantage could be taken of the excess flow to use a filter of 
more open texture with a lower separating efficiency per pass. Such filters are nor- 
mally considerably less expensive to install and maintain, and quite probably could 
be made to achieve even better results than super-efficiency filters might on min- 
imum flow. 


by uncersize 


Fic. 4. Dust analysis. 


Some simple calculations suggest that few commercial grade filters (as distinct 
from dust collectors) could be used economically on dust concentrations in excess 
of 0-1 mg/ft’. In actual fact, any dust collector worthy of the name will have a nor- 
mal discharge dust concentration smaller than this by a factor of between ten and 
one hundred, so that a useful reserve exists for the occasional breakdown, due to 
inadequate maintenance. 

Better quality commercial grade dry filters can possess an efficiency on a typical 
wide range industrial dust of 95 per cent or so. Fig. 4 shows an analysis curve of 
an iron oxide dust which has been used for test purposes. It is apparent from this 
curve that 20 per cent by weight is smaller than 2 microns; hence an efficiency of 
95 per cent suggests that a considerable proportion (probably from 50 to 75 per cent) 
of dust smaller than 2 microns will be removed per pass. If we take the lower figure 
of 50 per cent it is apparent that installation of filters possessing this performance 
on, say, 10,000 ft}/min would have similar results in terms of dust removal to 100 per 
cent efficiency filters on 5000 ft3/min but there will be an advantage provided by 
the greater flow rate in more effectively removing dust before it can reach the 
operators. 
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I do not intend to quote authoritative sources on critical dust concentrations, 
as every individual case will obviously vary, and, in addition, medical views as to 
what constitutes an acceptable concentration are not altogether consistent. What 
| am trying to indicate is that commercial grade filters such as, for example, the 
automatic roll type shown in Fig. 5 used in conjunction with effective dust collec- 
tors, can provide almost any desired degree of dust concentration reduction pro- 


viding the flow rate is adequate. 


Vol. 
1959 


Fic. 5. Autoroll. 


In many cases, where extreme cleanliness is required or, dusts are potentially 
more toxic, it may be desirable to incorporate absolute grade filters in addition 
to the less efficient commercial types. In this case, quite obviously, the economic 
factor will have to be studied more closely. Such filters are normally non-cleanable, 
and after a certain life would have to be discarded. For this to be economical, 
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dust concentration would require to be kept below 0-005 mg/ft}, and this could 
best be done by interposing a first stage consisting of automatic commercial grade 
filters such as the automatic roll type (again additional, where necessary, to dust 
collectors). 

The resultant performance from such an arrangement would be adequate for 
almost any circumstances, except where extremely toxic substances such as beryl- 
lium are concerned, or where radioactivity or bacteria introduce special circum- 
stances. 


Fic. 6. Beryllium dust collector. 


As a point of interest in passing, high efficiency filters have been applied to 
processes handling beryllium and have been shown to give a discharge containing 
considerably less than the 2 ug/m} considered the maximum allowable concentra- 
tion. Figures in my possession suggest that one of these units (Fig. 6), handling 
an inlet beryllium dust concentration of 185 ug/m5, was discharging under 0-6 ug/m5. 

I do not suggest at the moment that recirculation should be considered for such 
processes, even though the figures quoted suggest it would be safe to do so. Ob- 
viously, there comes a point at which even the remotest danger of occasional trans- 
mission must be avoided. 

I have made one or two calculations by way of example, and can quote the follow- 
ing results :— 


Case 1. Iron oxide dust containing 20 per cent of fines below 2). 


Concentration at filter inlet at thisflowrate. . . . . . . Of} mg/ft. 
Allowable concentration in working areas... . . . 005 mg/ft’. 


The cost of automatic roll filter replacements would be £9 per week less than 
oil fuel cost for a 48 hour week, and would represent a nett saving over heating 
plant of approximately £850. 
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Case 2. Similar dust to that in Case 1 but desired to reduce concentration to 


0-0001 me/ft. 

Using an automatic roll type filter, followed by a bank of paper absolute filters, 
a running cost slightly in excess of the fuel saved would be incurred. In such a case 
it would obviously be a matter for individual consideration whether the system 
was preferred to induction of fresh air, but it could easily be shown that the filtered 
recirculated air would be cleaner by a large margin than the cleanest atmospheric 
air, and very much cleaner than the air in an industrial district. 


TEXTILE INDUSTRY 


Through the kind offices of Dr. C. N. Davies, 1 have been provided with some 
figures obtained in a card room at a Lancashire cotton mill by Mr. S. A. ROACH 
of the London School of Hygiene and Tropical Medicine. On the basis of these 


THI 


figures, | have included an approximate particle size analysis curve on Fig. 4. From 
this it is apparent that the dust in such spaces is relatively coarser than that taken 


in my carlier examples 
The concentration in general card room atmosphere was found to average some 
4-6 mg/m* (0-13 mg/ft*) with a peak of 7-9 mg/m} (0-224 mg/fts). I also understand 


that up to 80 per cent reduction from these figures was achieved with the new 
Shirley Institute dust and fly extraction system. The particle size analysis showed, 
on a weight basis, 7 per cent less than 7 u, 30 per cent between 7 u and 2 mm, 


63 per cent over 2 mm 


Obviously, a large proportion of this dust is in the form of fine fibrous matter 


known as “fly”, and this would be easily collected on quite an open texture fabric 
filter. In addition, the dust bed formed on the filter would be of an open texture 
and so permit a large amount to be accommodated for a limited rise in back pressure. 

Of the 7 per cent below 7 microns, which is the fraction capable of causing most 
harm, the indication is that at least 90 per cent wouid be removed by the automatic 


roll type filter, and at the circulation rates deemed necessary to remove the dust 
quickly from working spaces this would represent reduction of concentration little, 
if any, short of that in fresh make-up air. 

The indication here is, quite definitely, that substantial cost savings could be 
expected from recirculation averaging, perhaps, £50 per week per 100,000 ft}/min 
over the whole heating season, with a peak of £100 to £150 per week per 100,000 


ft4/min during cold spells. 


CONCLUSIONS 


In checking through this paper, | have been concerned at an apparent lack oj 
hard and fast mathematical data to prove my contentions. Although it would be 
relatively easy to take some more specific examples, I do not think this would be 
altogether fair, as circumstances can vary so widely. The examples I have quoted 
represent fairly typical conditions, and the indication is, quite definitely, that where 
dusts are of limited toxicity except in excessive concentrations (I would include 
cellulosic and most synthetic and mineral textile dusts in this classification) a very 
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strong case can be made out for the economics of recirculation. Where dusts of 
potential toxicity are involved, the arguments are not as clear cut, but if a high- 
efficiency filter installation can be justified, there would be no difficulty in proving 
that the result would be cleaner air than could possibly be obtained by induction, 
unless this, too, were filtered to a similar standard. 

Perhaps the biggest stumbling block of all is the justifiable official tendency to 
mistrust recirculation on grounds of possible inadequate maintenance. | consider 
this is a factor which, with reason and logic on all sides, could be resolved, and 
certain types of filter are sufficiently reliable and foolproof in their operation to 
reduce the danger from carelessness to a low measure—probably equally as low 
as could be achieved by induction of “fresh air’’. 

I hope at least that my remarks will provide some profitable food for thought. 
and perhaps react to the benefit not only of the factory or mill owner, but to the 
operator himself, who, after all, is the one forced to breathe the air we provide. 
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paper from discussions with Dr. C. N. Davies of the London School of Hygiene & Tropical Medi- 
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DUST CONTROL IN THE ASBESTOS TEXTILE INDUSTRY 


W. P. BAMBLIN 
Turner Brothers Asbestos Co. Ltd., Rochdale, Lancs 


Abstract—-Some historica! notes regarding the Industry and its growth—conditions appertaining 
during the late 1920's and early 1930's. The Merewether and Price investigation and report of 1930. 
Report of 1931 on Conferences between employers and inspectors concerning “methods of sup- 
pressing dust in the Asbestos Textile Industry”. Dust datum—regulations for the Asbestos Industry 
1931. 

Engineering recommendations of the Merewether and Price Report—examples of how these 
have been implemented with some notes on the problems presented and methods employed to 
overcome these problems—dust sampling—comparison between working conditions today and 
those of thirty years ago—lessened incidence of asbestosis in a much expanded industry. 


SINCE this paper is being given to a general audience and not to an audience com- 
posed entirely of asbestos specialists I will open with some remarks concerning 
asbestos and the history of the growth of the asbestos textile industry. 
Asbestos is a mineral and its existence represents a geological problem which 
has still not been conclusively solved. Theories as to the manner of its formation 
continue to differ. 
According, however, to the most generally accepted theory, asbestos is the result 


of the action of hot ground waters containing dissolved salts and carbon dioxide 
upon subterranean rock. Various changes in pressure on the earth's crust caused 
the basic composition of this rock to alter and innumerable cracks occurred. The 
waters found their way into these cracks and as time passed various chemical actions 
took place, resulting in the formation of seams of closely packed fibre which are 
known today as asbestos. 

Asbestos and its properties have been known for many hundreds of years, but 
up to 1878 goods made from asbestos were few owing to the difficulty of manu- 
facture. In 1878, however, the rich deposits of asbestos in the Province of Quebec 
in Canada were discovered, and SAMUEL TURNER, who had been experimenting 
in his cotton mill at Rochdale with the use of various cotton fabrics for pump and 
boiler packings (by the way with little success), was quick to see the potentialities 
of this material. The first consignment of crude asbestos arrived in Rochdale in 1879 
and within a few months a contract to spin 10 tons of asbestos yarn was fulfilled. 
No record can be traced to indicate that asbestos yarn had been spun by machinery 
in any reasonable quantity before this date. 

We can therefore say that the period of processing asbestos: textiles by machinery 
Started approximately 80 years ago. The growth of the Industry was steady and 
it was estimated that in 1928 approximately 2200 people were operating asbestos 
textile machinery. 

Apart from the manufacturing difficulties which had to be solved during this 
period there was the added difficulty of the inherent dustiness of the material being 
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handled. Talks recently with some older asbestos workers concerning their recollec- 
tion of this period from 1914 to the late 1920's are of interest to us both histori- 
cally and for purposes of later comparison. 

Whilst during the period of growth some ventilation had been installed in the 
larger concerns and was acknowledged to be up to the standard of the cotton textile 
mills of that period, it left an awful lot to be desired. Most of the machinery was 
fed by hand, and in lots of cases the machines delivered the processed material 
on to the floor. Efficient enclosure of machines and enclosed methods of conveying 
were little used, as were vacuum methods of cleaning. Mixing of the various grades 
of fibre to obtain a blend was done on the floor by men with shovels. Cleaning 
of the machines was a particularly dirty and unpleasant operation, especially carding 
engines and looms, since not only was the amount of droppings and dust heavy 
in these machines, but the complexity of the mechanical parts such that a man had 
to use his hands or small hand implements. As an example—in 1928 the average 
amount of dust and droppings from looms in one works was 14 lb per week per 
loom (now 4 Ib per week per loom). Hand bagging was a common method of bagging 
for internal transport and this meant that the man was subjected to physical effort 
with his head directly over a major dust-producing point. Vibrating screens in use 
were mostly of the open type with the short fibre allowed to fall on the floor and 
the main product bagged off by hand. The exhaust ventilation systems in use 
generally discharged into large settling or expansion chambers, which had to be 
cleaned periodically by hand. A few fabric filters were in use but were often sited 
in the production rooms. Carding engines were cleaned or stripped by hand and 
the emission of dust at this time was so great that, according to our older workers, 
it was not possible to recognize a workmate 6 or 8 feet away during this time. 
Even under normal operating conditions visibility was restricted by the dusty at- 
mosphere of the card room to about the third or fourth carding engine, and older 
wor kpeople noted and remembered the gradual improvements as “the day when 
we found we could see across the width of the room’’; or “the day when we could 
see the foreman’s cabin’’, or, finally, “the day when we could see the clock at the 
far end of the room”. 


Cases of fibrosis 
Years employed Number examined 


Number Group incidence 
04 89 0 
5-9 141 25:5 
1-10-14 &4 27 32:1 
15-19 28 15 53-6 
20 and over 21 17 80-9 
Total 363 95 26:2 


Fic. 1. 1929—Incidence of fibrosis relative to length of employment. 


In 1928 an enquiry was initiated by the Factory Department of the Home Office 
and was conducted during 1928 and 1929 by Dr. E.R.A. MerewerHer and 
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Mr. C. W. Price. Their report was issued in 1930 and was in two parts: Part | by 
Dr. MEREWETHER showing the results of his examination of 363 people from various 
age groups of the Industry, and Part 2 by Mr. Price giving his observations and 
recommendations regarding plant, equipment and methods to be used. 

Fig. | shows a table published in Part | of the Report, and shows the incidence of 
fibrosis relative to length of employment. It will be noted that in the 0—4 years 
group the incidence percentage is 0 per cent rising to 80 per cent in the group 20 years 
and over, with an average incidence of 26:2 per cent. 

This table, we can say, indicates that the risk increased with length of exposure. 


Groups 1, 2, 3, 5 


Group 3 (taken together) 

Years crushing, etc. carding, 
employed spinning, twisting, mattress making 
doubling, plaiting, etc. and weaving and 


associated processes 
Number examined 30 47 
0-4 Cases of fibrosis 0 0 


Incidence rate, % 


Number examined 40 9? 
5-9 Cases of fibrosis 2 31 
Incidence rate, 5-0 33-7 
Number examined 30 45 
10-14 Cases of fibrosis 2 22 
Incidence rate, » 6:7 48-9 
Number examined 1! 14 
15-19 Cases of fibrosis 4 8 
Incidence rate, 36-4 57:1 
Number examined 6 13 
20 and 
Cases of fibrosis 4 11 
over 
Incidence rate, % 66:7 84-6 


Fic. 3. 1929 — Comparison between the incidence rates of fibrosis amongst 

workers employed in Group 3 (less dusty processes) and the incidence rates 

amongst workers employed in Groups 1, 2, 4, 5, taken together (more 
dusty processes). 

Fig. 2 shows a table from the Report in which, by means of dust measurement, the 
relative dustiness of various processes in use at that time was compared. It will 
be noted that spinning, braiding, plaiting without local ventilation was taken as 
unity, and that dry cloth weaving without exhaust, dry mattress making without 
ventilation, and opening and handling fibre had very poor figures. 

Fig. 3 shows the various processes from the previous illustration arranged in two 
main groups and compares the incidence rates of fibrosis amongst workers in one 
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group with the incidence rates amongst workers employed in a group of the dustier 
processes. It will be noted that the second group shows much higher incidence 
rates. 

These tables were taken as the basis for a statement in the Report that it appeared 
probable that the concentration of dust and length of exposure as factors in the 
production of fibrosis were interdependent within certain limits. The practical 
inferences were of great importance, since it followed that the application of means 
resulting in a reduction of the dust concentration of the air in the neighbourhood 
of dusty asbestos processes would cause, firstly, a great increase in the length of 
time before workers developed disabling fibrosis, and secondly, the almost total 
disappearance of the disease as the measures for the suppression of dust were per- 
fected. 

The engineering recommendations of the Merewether and Price Report were 
based upon the following main headings:— 

(a) Application of exhaust draught at dust-producing points. 

(b) Substitution of enclosed mechanical methods for hand conveyance and for 

dusty handwork generally. 

(c) Effective enclosure of dust-producing machines and plant. 

(d) Substitution of wet methods for dry. 

Following upon the publication of the Merewether and Price Report the Asbestos 
Textile Manufacturers, together with the Home Office, formed a Committee to 
examine the problems of the Industry in the light of the Report and, in 1931, the 
Report of their conferences was issued entitled “Methods for the Suppression of 
Dust in Asbestos Textile Factories’. This Report, in effect, became an accepted 
“Code of Practice’’ and listed 25 agreements which detailed the standards to be 
maintained or aimed for regarding various operations and processes. For practical 
purposes the conditions arising from flyer spinning carried on without exhaust 
under good general conditions was taken as the “dust datum’’. If therefore a par- 
ticular process appeared to give rise to dust in excess of that associated with such 
flyer spinning, the Committee regarded the need for preventive measures to have 
been established. 

Also in 1931, Regulations for the Asbestos Industry were issued under the Fac- 
tories Act and covered, amongst other processes, all the asbestos textile processes, 
including mattress making. 

It can therefore be said that in 1931 the preliminaries had been completed and 
the stage set for attacks on the problems concerned. 

I have outlined the conditions appertaining at the start of the 1930's and it is 
now my intention to demonstrate to you that the Industry has not only conscien- 
tiously applied the Code of Practice within its works, but has gone further and 
improved upon it. 

I will demonstrate some of the methods of dust suppression used under the 
headings of Part 2 of the Merewether Report, together with one additional method 
not contained in that Report—the admixture of oil emulsion to the asbestos in order 
to reduce the emission of dust during processing. It will also be noted that in some 
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instances two and three methods of dust suppression have been applied to a single 
machine, in order to produce the best possible working conditions. 

There are 11 dust-producing points on an asbestos carding engine and these 
present not an easy problem to the engineer, due to the complexity of the mecha- 
nical parts, the fact that the card has to be partially dismantled about every 10 days 
for stripping, and also the chance of carrying away the very light “fleece’’ produced 
from the carding process itself, The present system of ventilation has been developed 
over quite a number of years and has recently been completely re-designed, using 
all the knowledge gained in the past, 


Fic. 4. Local exhaust hood fitted to front of loom. 


It is interesting to note that the Shirley “pressure point’’ system now used for 
cotton carding engines is based upon this principle of “find your dust point and 
ventilate it’, and in this case we claim (in a completely friendly manner, of course) 
to have anticipated by quite a number of years this Shirley system. It seems that 
we have not “hidden our light under a bushel”’ but “under a carding engine’’! We 
claim to have a quite efficient system when one considers that we carry away 0-0026 Ib 
of dust per 100 ft} of air compared with the 0-00066 lb per 100 ft} of air on the 
Shirley system, or approximately four times as much dust, for a given quantity of 
air. I agree that asbestos dust is not cotton dust, but I put forward these figures 
as being some indication of our success. We maintain an air speed of not less than 
3000 ft per min in branches and mains, and since fitting the latest type of systems 
in our works have had no instances of dust settling in the ducting. 


P. BAMBLIN 
Dust control of asbestos looms has always been a difficult problem, since the 
mechanical operation of the loom, with its shock of beat-up, vibration, heald opera- 
tion and shuttle movement releases dust and short fibres. The weaver is also in 
a more or less fixed position at the front of the loom with his head above the cloth 
being woven. You will remember from the statistics of the Merewether Report 
that dry weaving was considered to be next to the dustiest process, so that the attack 
on this problem is, we feel, a classic example of the benefits of applying, if possible, 
more than one method of dust suppression. 


Fic. 5. Arrangement of cloth loom ventilation 


Fig. 4 shows a local exhaust hood designed to extract from the front of the loom 
and extending across the full width of the loom, and Fig. 5 shows the arrangement 
of exhaust hoppers and ducting below the warp level of the loom. It will be noted 
that the movement of air is downward through the warp and therefore away from 
the weaver’s head. The heavy dust shaken off by vibration also falls by gravity into 
the large hopper and is thereby conveyed away pneumatically. As I remarked pre- 
viously, the dirt and droppings in the past averaged 14 Ib per week per loom, all 
of which had to be removed by hand. The amount now remaining to be moved 
by cleaning of the loom per week is | Ib, an improvement in the ratio of 28:1. 

Fig. 6 shows a damping trough fitted behind the loom by means of which the 
yarn is damped. The weft in the shuttle has also been damped during the winding 
operation and dust suppression has again been appreciably aided by this method. 
Finally, the yarn used in both the warp and the weft has been treated with oil emulsion 
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during the mixing process to prevent some dust emission and the total effect is 
now that, by dust count, our weaving departments are the cleanest of all our sche- 
duled working areas. It is also interesting to note that, on average, the horsepower 
required to ventilate an asbestos loom is four times the power required to drive 
the loom. 


Fic. 6. Water trough fitted behind loom to damp warp threads. 


Fig. 7 shows a piece of plant we have developed for opening the bags of crude 
asbestos received in our works from the mines. The bag is tipped by hand truck 
on to this roller elevator, which is then power elevated, and the bag slid on to the 
freely revolving table where it is slit along three sides. The bag is scrapped as being 
non-returnable. A powerful exhaust makes certain the air is away from the opera- 
tor, whose head is above the glass window. This is an example (and further examples 
will be shown), of a principle we always try to implement of taking out as much 
physical effort as we can. 

The packing of loose asbestos fibre into bags has always in the past been done 
by hand, the man of necessity having to operate with his head over the open neck 
of the bag whilst he packed the loose fibre by means of a hand “pommer’’. We 
have now developed a mechanical bag-filling unit which we use extensively in our 
Works and it is a further example of ventilating a dusty process, enclosing it and 
taking away the physical effort from the operator. Each unit consists of a pair of 
machines and the fibre is fed, we will say, to machine No. | which packs the fibre 
into an impervious bag. When the standard weight of fibre has been packed into 
the bag the fibre feed is automatically transferred to machine No. 2 which imme- 
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diately starts up. After a period of a few seconds in order to level off the fibre, 
machine No. | stops and the operator takes off the full bag and replaces it with 
an empty one. The task of the operator is solely to take off the full bags and to fit 
empty ones; in all other respects the machine is automatic. 

A number of engineering problems have had to be solved during the design and 
development of these machines, not the least of which was the fact that reciprocating 
parts have to operate in the dust stream. A lot of thought has had to be given to 
sealing and the choice of suitable bearing materials. 


Fic. 7. Bag opening booth 


Although mattress making is not strictly an asbestos textile process, it was included 
in the “Code of Practice’ of 1931 and I therefore make reference to it here. 
MEREWETHER, in his Report, placed mattress making under “dry, non-ventilated 
conditions” as being only slightly better than dry weaving. We have installed equip- 
ment on the basis of his recommendations. As shown in Fig. 8 these are separate 
rooms with damping nozzles to spray the mattress covers and these rooms have 
mechanical ventilation. The air is fed in through the roof via diffusers and is extracted 
through louvres at floor level, so that the passage of air is downwards, and the sys- 
tem is arranged to give 15 complete changes of air per hour 

The dustiest process detailed in the Merewether Report is that of mixing various 
grades of asbestos fibre by hand. This operation is now done mechanically by plant 
which we have developed and which is basically a large drum mixing machine, 
totally enclosed and being fitted with doors which are opened and closed remotely 
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by means of an automatic timer. The fibre is not touched by hand after the initial 
opening of the bag of fibre as received from the mine. Fig. 9 shows the degree of 
enclosure of the drum mixer, and the treating of the fibre with oil emulsion to aid 
the suppression of dust is also done during this operation, again quite automatically. 

From the drum mixer of the previous illustration the fibre is automatically dis- 
charged into large bins situated immediately below the mixers and having a capacity 
of approximately 10 tons of asbestos. A high degree of enclosure is achieved and 
the bin is extended up to the steelwork of the floor above. The bin, which is one 
of our developments, is equipped with a base designed to allow fibre to be fed from 
it at a predetermined controlled rate to the next process. 


Fic. 8. Mattress making room. 


In the past, the feeding of material to the carding engines has always been done 
by hand, the operator tipping 40-lb bags of asbestos fibre into each card hopper. 
The latest system which we have developed dispenses with this duty and the cards 
are fed automatically from overhead enclosed conveyors. With this system the 
asbestos fibre will not be touched by hand from opening the bag received from 
the mines to the production of sliver at the carding engine. 


W. P. 


In some instances in our opening system the fibre is conveyed pneumatically 
and the problem arises to collect the fibre finally and to allow the air (with some 
dust) to pass on, in other words, to drop out the fibre, hence the name “Drop Box” 
given to this piece of plant we have developed. It is small, when compared with 
a cyclone, and is totally enclosed. The device is used either to drop out the fibre 
into an enclosed bin or into one of the conveyors. Engineering problems again 
had to be overcome in this design, mostly concerned with the sealing of bearings 
and the choice of suitable materials (see Fig. 10). 


). Drum mixer showing high degree of enclosure. 


The two side ends from an asbestos card are off-count and of no value as usable 
sliver. The Merewether Report listed the arrangement for collection, at that time, 
as being unsuitable and calling for improvement. 

A strong plea was made in the reports of the various conferences in 1931 for 
better enclosure of the machines wherever possible and Fig. 11 shows, as an example 
of the present-day high degree of enclosure in our Works, a part of our opening 
plant at Rochdale. This is a multiple screening machine. Overhead will be seen 
the completely enclosed conveyor, feeding down through enclosed chutes into 
machines which themselves are enclosed. The base of the machine has various 
screens and belt conveyors as part of its function and these are, as you can see, 


totally enclosed with extraction arranged to maintain a slight negative pressure. 
Fig. 12 is again a screening machine of a single type fed from a cyclone and is 
shown as a further example of enclosure. From the engineer's point of view this 
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high degree of enclosure brings problems regarding access for maintenance, but 
to reduce this problem to an absolute minimum, we have made liberal use in our 
design of ball bearings of the sealed type having a charge of lubricant to last their 
useful life. 

It was already known in the late 1920’s that wetting or damping asbestos yarn 
helped in some degree to lay the dust and this principle was used in some instances. 


: 


Fic. 10. Drop box. 


There has, however, been an extension of this method of dust suppression during 
the intervening years and it is now used in some instances where ventilation is 
impracticable and in other instances in addition to ventilation (as in weaving), 
in order to obtain the best possible conditions. 

Fig. 13 shows an arrangement for yarn damping applied to a doubling frame 
and damping the yarn as it is taken from the creel packages. On this will also be 
noted an arrangement we have developed for maintaining a constant level of water 
in the damping trough, details of which are shown in Fig. 11. 

Fig. 14 shows in diagrammatic form the constant level device used in large num- 
bers throughout our Works. The principle is the well-known one of the “chicken 
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feed’ and, in fact, our experimental rig some years ago was a proprietary chicken 
feed from a local ironmonger! A point of interest is the fact that mains water is laid 
on; when the water level reaches a low reading the cock is turned to the main and 
the flask is replenished. Another point of interest is that we have got over the need 
for a valve at the top to get rid of air during replenishing, by piping this vent hole 
to a point below the level of the water in the trough. The fitting of these units means 
that water is no longer carried about in buckets in the workrooms. 

Apart from looms and doubling frames already shown, damping is used in our 
Works for pirn winders and twisting frames. 


11. Multiple screening machine. 


One particularly dusty operation already referred to was the stripping of card 
cylinders and, although in the early 1930's apparatus having exhaust ventilation 
was being used experimentally, it was reported that in one case at least the results 
were SO poor that the experiments were dropped and a return made to hand cleaning. 
We have developed a full width revolving stripping brush to fit to the carding engine, 
having efficient exhaust ventilation. In addition to the main ventilation system 
of the card, there is to each carding engine a separate system, which ends in four 
drop pipes over the card, two down each side. These are positioned so that vacuum 
stripping brush, when in position on the card, can be quickly connected by short 
pieces of large bore flexible hose to the drop pipes. We therefore have the advan- 
tage of adequate performance fans installed as permanent plant and not limited 
by the need to be transportable. Light alloys are used in the construction of the 
stripping brush and its enclosure for ease of application. 
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Another difficult and dusty task was the cleaning from below the carding engines 
of card droppings, and these have in the past been removed by hand. A machine 
has now been developed by us to facilitate the removal of this material. Use is again 
made of the exhaust system for stripping and the machine is in effect a small light 
portable drop box which drops out the material collected and allows the air and 
dust to continue to the sleeve filters. The main difficulty of design in this case was 
the need to keep down the dimensions of the unit to the absolute minimum in order 
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Fic. 12. Single screening machine. 


to achieve manoeuvrability. Large bore flexible hose of the ideal type has also been 
difficult to find and we are always on the look-out for improved types. 

The fabric sleeve filters in use in our Works are all of our own design and our 
total installation of filters is capable of handling over 800,000 ft of air per min. 
This air, after passing through the filters, is discharged to outside atmosphere. 
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The filters are provided with mechanically-operated shaking gear and are all 
shaken during cach break period. We have found the filters to be extremely efficient 
and reliable (see Fig. 15). 

The question of cleaning of the sleeves was one which caused us some difficulties 
In the first place. we had to determine the frequency of changing and, having regard 
to the fact that certain filters operate all the time and others only intermittently, 


FG. 13. Yarn damping on doubling frame 


we logged readings of the performance of a particular filter twice per week over 
a period of two years and from the resultant graph we established that when the 
resistance of the filter increased by 74 per cent over the figure when fitted with 
clean sleeves (both sets of readings being “after shaking”), the time for cleaning 
had arrived. The resistances of all our filters are checked on a rota basis and thereby 


are kept in good condition. 
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Fic. 14. Constant level control to damping trough. 
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The cleaning of the soiled sleeves was also a problem. The first approach was 
laundering, but this caused the sleeves to shrink so much as to be not re-usable. 
Dry cleaning was next tried and, although we managed to get one set of sleeves 
cleaned by this process, the firm refused to take any more, since the ones cleaned 
had almost ruined their plant. We then decided that mechanical cleaning was prob- 
ably the answer and developed a simple device. A separate high performance 
fan extracts through a special duct fitted internally with brushes. The soiled sleeve 
is held over the flange and the suction turns the sleeve inside out like a stocking. 
The air is then passing through the sleeve fabric in the opposite direction to normal! 
and the brushes help in the cleaning. It is interesting to note that sleeves mecha- 
nically cleaned and tested by us show that they have a performance immediately 
on re-use almost equal to that of new sleeves and far, better than the performance 


of the dry-cleaned ones when they were tested. 


Fic. 15. Typical sleeve filter installation. 


The figures quoted of 800,000 ft> per min of air exhausted from our workrooms 
is by any standard a large figure. The incoming air of a similar quantity must, when 
necessary, be heated, and during a cold week in winter the heating of this air would 
cost approximately £720 during that week for single shift working. 

Fig. 16 shows one of the heater batteries of the plenum system we use for sup- 
plying heated air. Also shown are the fan and the ducting passing into the work- 
room. From then onwards, of course, we have the usual diffused system of air 


supply. 
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We insist upon a high standard of workroom cleanliness and good housekeeping 
in our Works and I am able to point out that all the illustrations of our workrooms 
shown were taken during normal working days without prior warning. The absence 
of workers in some photographs means that these particular shots were taken during 
meal breaks. This point is brought to notice because general cleanliness and tidi- 
ness must be considered as a factor in the general attack on dust suppression in 
the Asbestos Industry. 


ms 


Fic. 16. Typical heater battery supplying heated air. 


The taking of dust counts in our Factories was commenced in the early 1940's 
but the five years from 1951 to 1956 were used to undertake an extensive survey 
of all scheduled areas. This survey produced much valuable information and showed 
us the way we were going. 

A number of sampling points throughout the Works are now checked once per 
month on a routine basis but as the Works has increased the number of sampling 
points has also increased. 

The instrument in use is a Thermal Precipitator and is fixed at a position normally 
occupied by the operator’s head. The instrument, together with a suitable microscope, 
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then allows the particles of dust above 4 u to be counted and the final reading is 
expressed as the number of such particles per cm} of air passed through the instru- 
ment. Before counting, of course, the slides are incinerated for a period at 500°C 
to get rid of all organic material. We are able by the use of these instruments to 
check the effectiveness or otherwise of developments being tried out for dust sup- 
pression by taking readings with the same instrument before and after modifica- 
tions and also the regular scheduled tests are a check that the permanent installa- 
tion is maintaining its performance. It is by readings from the dust counting appara- 
tus that we are able to state, for instance as I have done, that weaving is now the 
cleanest of our scheduled areas. 

We now also use the Ottway Long Running Thermal Precipitator of which we 
have a number, but shall also continue to use our standard instrument because 
of continuing the value of our records. 

During the introduction | outlined the conditions appertaining in the Industry 
in the late 1920°s. In some instances these included conditions in our own Works, 


and in other instances records of conditions appertaining in the Works of other 
Companies. The details | have been able to give of the improvements leading up 
to present-day conditions are, of course, purely concerning our own Factories. 


I think it will be agreed that the details and photographs given represent a very 
heavy outlay in capital expenditure and the result of a lot of thought and a lot 
of effort by a lot of people. Whether or not our efforts have been successful will 
be shown by what has happened to the incidence rate of fibrosis in our Factories. 

We have the figures given by MEREWETHER in 1929 and these are, of course, 
of people exposed wholly to the old conditions but employed by various Companies. 
For purposes of comparison we have taken these figures and placed alongside them 
figures taken from our own Works of people who have joined the Company since 
1933-—the date when preventive measures can be said to have been effectively estab- 
lished. In other words, we have used for purposes of comparison workpeople of 
our own who have never been exposed to the old conditions. 

The position at the end of 1957 in our Rochdale Factory was that, of a total of 398 
people (men and women) employed for ten years and upwards from January 1933, 
three men had been suspended for asbestosis by the Pneumoconiosis Medical Panel 
but were still employed in the Factory on other work (see Fig. 17). 

The total people included in this survey is 398 against 363 in the Merewether 
Report and, whilst the number of people exposed for twenty years and over (total 
of 33) is small, it is still a larger number than that used by MEREWETHER, whose 
figure for this group was 21. On the basis of this comparison the reduction of in- 
cidence of fibrosis is very encouraging. 

Dr. MEREWETHER in his Report of 1930 expressed the opinion that, in the space 
of a decade or thereabouts, the effects of energetic application of preventive mea- 
sures should be apparent in a great reduction in the incidence of fibrosis. We claim 
that we have energetically applied these preventive measures and the results have 
borne out in practice the expressed opinion of Dr. M&REWETHER. 
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Personnel Cases of fibrosis MEREWETHER 
Years and PRICE 
employed Group Report 
Men Women Total Number (%. 1929) 


incidence, 


10-14 148 77 225 l 0-44 32:1 

14-19 108 32 140 l 0-71 53-6 

20-24 20 13 33 l 3-00 80-9 
Total 276 122 398 3 0-8 


Fic. 17. 1957--Incidence of fibrosis relative to length of employment. 
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DISCUSSION 


Dr. GARLAND asked how displaced air is removed in the bag filling machine. Mr. BAMBLIN replied 
that not more than 3 or 4 ft} of air is expressed from each bag and this is easily taken care of 
by the general exhaust applied to the machine which is about 200 ft3/min. 

To a question about the use of pneumatic conveying, Mr. BAMBLIN replied that this is used 
when the nature of the machine requires it, for example, to carry the material away from a disin- 
tegrator. He said, however, that asbestos dust, particularly when oily, is a powerful abrasive and 
therefore much common textile machinery cannot be used without adaptation. 

Dr. HickisH asked what happened to the dust removed from the cloth filters during cleaning. 

Mr. BAMBLIN replied:—The dust from the sleeve cleaning machine is conveyed pneumatically 
to a separate filter unit. This filter unit, as with all our filter units, has the lower portion arranged 
as an expansion box, and a large percentage of the dust falls directly into the collection bags fixed 
to the bottom side of this expansion box. Some dust is, of course, carried into the sleeves and rests 
on the inside surface of the filter material. Since, however, the cleaning device has its own filter 
unit the fan can be stopped as frequently as required and the mechanically-operated shaking 
gear brought into use for some minutes in order to free this dust, which then falls into the collec- 
tion bags. 

Dr. GLover asked whether the asbestos textile regulations applied to other kinds of operations 
with asbestos, for example, mechanical sawing of asbestos sheet. Mr. BAMBLIN replied that he 
could not answer in general terms but that he thought the mechanical sawing of asbestos sheet 
would come under the regulations. 

Miss V. A. Broapuurst (Health and Safety Branch, U.K. Atomic Energy Authority), speaking 
on the use of ventilation to control high toxicity dusts, said that in discussing high toxicity dusts she 
had in mind particularly beryllium. The normal maximum allowable concentration of beryllium 
in air was 2ug/m) and this contrasted with figures of 150 and more for more common toxic dusts 
such as lead and mercury. 

Experience had shown that both general ventilation and wet processing were inadequate to con- 
trol the dust hazard. Other means of control were needed, and in particular exhaust ventilation 


could be used effectively. 
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A high standard of loca! exhaust ventilation was essential and this involved careful design and 
maintenance. Among the special! features which needed attention were dust collection and its ulti- 
mate disposal, the prevention of leakage of highly toxic dusts from ventilation systems and the 
prevention of air contamination by the movement of material, tools and instruments. 

In view of the high standards of performance needed the best known methods of local extraction 
ventilation must be followed, but they must also be supplemented by extra precautions. For instance, 
the system must be constructed to unusually rigid specifications in terms of fabrication, corrosion- 
resistance and joint sealing. In short, the nature of high toxicity dusts meant that only the very 
highest standards of exhaust ventilation were acceptable to control the dust hazard. 

Dr. GARLAND said he would like to hear members discuss the matter of communication between 
doctor and worker. It happened so often that measures for health and safety were dependent for 
their efficiency upon worker co-operation, yet objections were often raised to too much information 
being given to workers about the dangers of a particular dust, sometimes on the ground that wor- 
kers were disturbed by such information and sometimes on the ground that it led to claims for more 
money. 

Dr. Fay said he would agree with Dr. GarLanp and favoured telling the workmen the facts 
in simple and straightforward terms. They had had this problem in his early days at Harwell twelve 
years ago and there they had given talks to the industrial staff, answered their questions and gene- 
rally explained the potential hazards and how to cope with them safely. This had worked very 
well, and “refresher” talks were given periodically as the need seemed apparent. He would, however, 
add one more group to those already mentioned by previous speakers as being in need of guidance 
and instruction—this was the group covering supervisory and management staff. A great deal 
of the good work done by the medical and health physics staff could be negatived if industrial 
workers saw a scientist or engineer, for example, neglecting to take a precaution which was laid 
down as essential for their own everyday work. It might well be that circumstances were such (and 
known to be so by the senior man concerned) that no risk was present—e.g., due to the transient 
nature of a radiation exposure. Nevertheless short circuiting or neglect of the prescribed precautions 
especially without any comment or explanation, was a bad example, leading to a tendency towards 
understandable slackness on the part of staff who could not easily appreciate such distinctions. 
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GASES AND FUMES PRODUCED IN FUSION WELDING 
AND CUTTING 


1. W. Rot 


Department of Social & Industrial Medicine, University of Sheffield, Sheffield 


INTRODUCTION 


We are here concerned with the following operations: 
Oxyacetylene welding, 
Are welding, 
Oxygas cutting, 
Arce cutting. 


These are types; each includes more than one process and the gases and fumes 
which are evolved depend more upon the details of the process than upon the type 
to which it conforms. Arc welding presents the greatest range of possible toxic 
byproducts. It is at present customary to assert that welding fumes are probably 
harmless though those from “low hydrogen” electrodes are unpleasant, and then 
to make a strong recommendation to use proper methods for the removal of wel- 
ding fumes from the breathing zone of the operator. It is unfortunate that the prior 
assertion detracts from the force of the recommendation; the more so since the 
precise nature of the fumes originating in some welding processes remains a matter 
of doubt, as do the extent to which they are inhaled by welders, and the amount 
which may be inhaled without long-term ill-effects. 

Bearing in mind the rapidly developing state of the art, it appears worth while 
to summarize what is known about the nature and amount of fumes and gases 
evolved in the various processes, with some reference to current methods of control. 

One toxic hazard is common to all four processes, namely, that due to fumes 
evolved from coated metals. Thus during the years 1947 to 1950 114 cases of lead 
poisoning due to oxyacetylene cutting by shipbreakers were reported to the Factory 
Department. 

Other coatings known to produce toxic fumes are zinc and cadmium. The latter 
is particularly serious because its inhalation often leads to permanent impairment 
of the lungs. Paints, varnishes and organic coatings generally, give rise to extremely 
irritating fumes. 


OXYACETYLENE WELDING 


Nitrogen dioxide may be produced in dangerous concentration by this process 
when carried on in a closed space. The author can find no quantitative data regard- 
ing the production of nitrogen oxides by this means, but there is agreement that 
in a small enclosure a toxic concentration can be built up in a matter of minutes. 
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The oxyacetylene torch is often used in brazing, and here overheating may result 
in the evolution of zinc oxide. It should also be remembered that some “silver 


solders” contain cadmium 


OXYGAS CUTTING 


In flame cutting with the oxyacetylene torch there is produced, in addition to the 
nitrogen dioxide, a large quantity of iron oxide fume. Where iron powder is injected 
into the flame, as in cutting heat resisting steels, the provision of some means of 


collecting the fume becomes essential. 


ARC WELDING 


In arc welding the nature of the fumes and gases evolved depends to a large extent 
upon the means adopted to protect the molten weld from the atmosphere. For 
example, when the electrode consists of a bare steel rod the fume consists of iron 
oxide with more or less manganese oxide; nitrogen oxides are also formed from 
the air as a result of the high temperature and the ultra-violet radiation from the 
arc. Ozone may also be formed but this has been studied only in the case of inert 


gas shielded welding (see below). 


Current practice usually requires that electrodes be coated with a material which 
will serve all or any of the following purposes: act as a flux, provide a gaseous 
envelope to exclude air, provide readily ionizable material to stabilize the arc 
The range of materials used in coatings is considerable; these materials and their 


reaction products contribute the greater part of the fumes. 

For welding mild steel and low alloy steels British practice employs a range of 
electrodes whose coatings are attributed to one of 7 classes; these classes are distin- 
guished by the hundreds digit in the coding according to BS 1719:1951. Table | 
incorporates some information about the coatings. 

For welding high alloy steels and non-ferrous metals a range of electrode coatings 
is employed, about whose composition little can be said except that the majority 
contain fluorides to the extent of 10 to 20 per cent 

In normal hand welding the electrodes used are about 14 in. long; the metallic 
core may vary in thickness from about 2 mm to about 10 mm; the time required 
to melt one electrode lies between 14 and 24 min. For a given type and size of elec- 
trode the total weight of fume evolved depends upon the rate at which it is melted 
down (i.e. upon the current). The larger electrodes evolve more fume. The quan- 
tities of nitrogen oxides and ozone produced depend upon the energy dissipated 
in the arc and upon the degree of its exposure; thus deep penetration welding (with 
a long arc) and welding with a bare electrode produce larger quantities while the 
so-called “dead soft’ electrodes, in which the end of the rod is in a cup formed by 
the unmelted coating (which may actually touch the work), produce less than 
average. 

The composition of welding fumes has been studied by THRyYSIN ef a/. (1952), 
by Tespens and Drinker (1941), by Zeyen and by RicnTer (the work of the two 
latter, however, has been available to the author only in truncated form). It appears 
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that the oxides of iron and manganese are invariably present in the fumes when 
ferrous metals are welded; these metals may also be present as silicates; silicates 
of lime and the alkalis also occur. The fumes from “low hydrogen” electrodes con- 
tain between 20 and 30 per cent of fluoride and about one half of this is in a water 
soluble form. Even with coatings of which rutile is the main constituent not much 


titanium dioxide appears in the fumes. 


TABLE | 


Classification 


(BS 1719) 


tw 


6 


Description 


High cellulose 


High titania viscous 


slag 


Medium titania 
fluid slag 


Inflated slag 


“Dead soft” 


Low hydrogen 


Other electrodes 


Constituents 
of coating 


Cellulosic material 
Rutile 
Asbestos 
Deoxidizers 
Silicate 
Rutile 

Clay 

Mica 
Magnesia 
Deoxidizer 
Silicate 
Cellulose 


Rutile 
Clay 
Limestone 
Mica 
Deoxidizer 
Silicate 
Cellulose 


Silicates and carbona- 
tes of iron and man- 


ganese 
Clay 
Deoxidizer 
Na silicate 


Iron silicate 
Iron oxide 


Manganese carbonate 


Deoxidizer 
K_ silicate 


Equal parts of calcite 


and fluorspar with 
deoxidizers 


Not specified 


Notes on fumes, etc. Wt. of fume 
from 14 mm electrodes 


This is a “high penetration” elec- 
trode. Fume mainly iron and man- 
ganese oxides and silicates. Above 
average NO> 


Fumes mainly iron oxide and 
manganese oxide with a little 
silicate 


Fumes mainly silicates of iron and 


manganese 


Fumes mainly silicates of iron and 


manganese 


Fumes contain iron and manga- 
nese oxides and silicates, also solu- 
ble and insoluble fluorides 


The deoxidizers are usually ferrosilicon, ferromanganese, 


or iron titanium alloy 
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THRYSIN has shown that small quantities of gaseous fluorine compounds are 
evolved during the normal use of low hydrogen electrodes and that these quanti- 
ties become appreciable (5-10 mg per rod) if abnormally high welding currents 
are employed. 

The manufacturers generally insist upon the importance of keeping welding 
rods thoroughly dry. In the case of rods whose coatings contain fluorides the neglect 
of this precaution leads not only to poor work but also to the evolution of sub- 


stantial quantities of gaseous fluorides during welding. 

The above-mentioned authors agree regarding the total quantity of fumes 
developed per electrode. They give figures ranging from 0-5 g to 5 g per electrode, 
depending upon the size. Many of their experiments were performed with a range 
of currents somewhat lower than those in general use today so that it is reasonable 
to take as representative 3 g per electrode corresponding to a current of 300 A. 
This, allowing for the intermittent nature of the work, corresponds to an average 
fume production of | g per min per welder (containing 150 to 250 mg of fluoride). 

Continuous welding with automatic machines produces fumes at a higher rate 
corresponding to the larger currents employed. Currents from 400 to 800 A are 
used and with the low hydrogen electrode the corresponding rates of fume produc- 
tion are from 7 to |! g per min. The maximum rate corresponds to an evolution 
of 2 to 3 g of fluoride per min. 

As indicated above, the coatings used in the welding of high alloy (i.c. heat 
resisting) steels and other metals which form refractory oxide films (e.g. alumin- 
ium) contain fluoride; THRyYSIN’s work shows that the fumes from such electrodes 
contain a rather smaller proportion of fluoride than do those generated in welding 
mild steel. It appears, however, that the amount of gaseous fluorine compounds 
evolved may be larger. This could be explained by a more acid reaction of the 
molten slag. 

The rate of production of nitrogen oxides by different welding techniques has 
been the subject of a number of communications; in some of these no clear distinc- 
tion is made between the various forms of fixed nitrogen. It is probable that acute 
or delayed acute toxicity of nitrogen oxides is due either to its nitrogen dioxide 
or nitrogen pentoxide content and not to nitric acid vapour, nitrate fumes or nitric 
oxide. At low concentrations the oxidation of nitric oxide to nitrogen dioxide is slow. 

The reaction rate is proportional to the square of the concentration. ELKIN’s 
calculation (1946) corrected for Smrrn’s value (1958) of the velocity constant gives 
the result that at a concentration of 100 parts by million NO about |-4 parts per 
million NO) will be formed per min while at 10 parts per million NO only 0-014 parts 
per million NO, will be formed per min. Thus the assumption often tacitly made 
that the nitrogen dioxide concentration can be equated to the total nitrogen oxides 
is in general false and can only be justified where the mixture has been kept for 
a significant period at a relatively high concentration; this is rarely the case in weld- 
ing operations. TesBBpeNs and Drinker (1941) found a maximum effective NO, 
production of about 50 mg per electrode. The corresponding production of fumes 
was about | g; and in general it was found that the ratio, weight of NO» to weight 
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of fumes, ranged from aa to oe in the great majority of cases it lay between 
j, and ;\;. SILVERMAN and Husain (1951) found quantities of fume and NO, 
which were not inconsistent with these, while their results for total nitrates are 
in broad agreement with the results of THRYSIN ef al. (1952). It is thus possible to 
conclude that during welding with coated electrodes a nitrogen dioxide concen- 
tration in excess of 9 mg/m will be accompanied by a fume concentration of at 
least 90 mg/m} and often of 0-5 to | g/m>. 

Submerged arc welding is a process in which a large quantity of coarsely powdered 
flux is applied to the material about to be welded in such a way that the are and 
about | cm of the electrode are buried in the material. It is usual to have a large 
excess of flux so that the top layer remains unmelted. The process employs an 
uncoated electrode in the form of a continuous wire, which is automatically fed at a 
predetermined rate so long as the arc is maintained. The arc is invisible and there is 
no sputtering, so that the welder needs no goggles or other protection. The current 
employed is large and welds of the highest quality can be effected much more rapidly 
than with other processes. It is generally stated that the process produces no fume or 
gas. In the author's experience this is not invariably true; the amount of visible 
fume produced is very small, but under some circumstances it can be offensive. 
In view of the fluoride content of the flux and the exceptionally high current and, 
therefore, temperature employed, it is likely that some gaseous fluorine compounds 
are evolved. 

INERT GAS SHIELDED WELDING 

In inert gas shielded welding the molten weld and the electrode are protected 
from the atmosphere by a stream of gas issuing from an annular orifice surrounding 
the electrode. The orifice is normally made of some ceramic material and may 
be as much as 15 mm in diameter. The protrusion of the electrode from the orifice 
is small, generally a few mm only. The shielding gas may be argon, helium, carbon 
dioxide or even a mixture of nitrogen and hydrogen. For some purposes argon 
with a small admixture of oxygen is used. The electrode may supply the filler metal 
for the weld, in which case a continuous wire is fed through the holder or it may 
be of tungsten, in which case it is not consumed and separate filler rod is required, 
as in gas welding. 

The amount of fume formed by this process is generally small, but gaseous con- 
tamination of the environment is produced by the photochemical action of ultra- 
violet radiation on the surrounding atmosphere. There have been several reports 
of illness attributable to this source and there is now general agreement that ozone 
is the responsible agent. Nitrogen dioxide has also been detected but generally not 
in significant quantities. Some workers have found phosgene (BENoIsT and FRANT, 
1957), where trichlorethylene fumes have been allowed to approach the arc. 

As to the relative importance of the different factors in the situation agreement 
is imperfect; however, the following facts emerge. 

Ozone has been detected in the neighbourhood of inert gas shielded arc welding 
when argon, helium or carbon dioxide has been used as a shielding gas and when 
electrodes of stainless steel, copper, tungsten and aluminium were in use. 


W. Roe 


As might be expected from the photochemical origin of the ozone, its production 
is not confined to the immediate region of the arc (where it is likely to be decom- 
posed rather rapidly). Benoist and Frant (1957) have found considerable quantities 
at distances up to 3 ft from the arc, under conditions of flow such that diffusion 
was counteracted 

The vapour of trichlorethylene yields phosgene both directly as a result of pho- 
tochemical decomposition and indirectly by reaction with ozone. 

According to BeNoist and FRANT, other things being equal, the production of 
ozone is about ten times greater with argon as shielding gas than with helium. 
According to Fay et a/. (1957), the use or carbon dioxide as shielding gas is accom- 
panied by a smaller ozone production than is the use of argon. It is to be expected 
that the character of the radiation from the arc would depend upon the gas imme- 
diately surrounding it as well as upon the material of the electrodes. 

The above authors agree with CHALLEN ef a/. (1958) and Ferry and GinTHEeR 
(1957) in finding ozone concentrations up to | or 2 parts per million in the zone 
of the worker's head when welding with currents of about 150 A. However, in 
welding with high currents, as is the practice with consumable electrodes, concen- 
trations of 10-15 parts per million of ozone have been recorded (BENOIST and 
FRANT. 1957; KLEINFELD ef a/., 1957). 


THE CONTROL OF WELDING FUMES AND GASES 

Nitrogen oxides 

Except in the case of oxyacetylene welding and arc welding with bare electrodes 
the fume: NO, ratio exceeds 10 to 1, moreover it was confirmed by Fay ef a/. (1957) 
that the bulk of the nitrogen dioxide accompanies the fume cloud. Hence for the 
nitrogen dioxide to exceed the maximum permitted concentration of 9 mg/m‘ 
the fume concentration must exceed, usually very greatly, 90 mg/m). 

FORSSMAN (1954) has proposed a maximum permitted concentration of 20 mg/m‘ 
for welding fumes, except where fluorides are used, in which case he proposes 
10 mg/m (this conforms to the accepted limit of 2-5 mg/m) for fluoride). If these 
limits are observed, nitrogen dioxide will not be present in significant quantities. 


Fumes 


The quantitative determinations of fume production quoted above suggested 
that hand welders may ordinarily produce about | g of fumes per min and contin- 
uous welding machines about ten times this quantity. It seems, therefore, that 
the latter should always be equipped with local exhaust ventilation, which can be 
mounted close to the arc. Equipment for this purpose has been described by 
Pick ARD (1954). When hand welding is done in an enclosed compartment some 
measures will be necessary to prevent the accumulation of fumes. If general ven- 


tilation of the compartments is relied upon then the figures in the previous para- 
graph imply a ventilation rate of the order of 2000 ft*/min per welder. In many 
circumstances this would not be practicable; local exhaust ventilation will in any 
event prove more economical. 
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TesBBeNS and DRINKER (1941) have studied the air velocity which is required 
at the are to control the fume in horizontal welding without rotation and find, 
as would be expected, that the velocity required depends upon the energy dissipated 
in the are. The following figures are taken from their paper: 


Air velocity required to 


Electrode diameter Energy dissipated in arc contests Guns 
(in.) (kW) (ft/min) 
5/32 4:4 75 
1/4 9-9 100 
5/16 18 125 


NELSON (1957) has described a suitable portable hood for local exhaust ventila- 
tion. This is composed of a simple fishtail extracting through a rectangular ori- 
fice 2in. * 10 in. surrounded by a | in. flange, and served by a 3 in. hose. A velo- 
city of 120 ft/min is obtained at 6 in. from the hood when it is exhausted at 160 ft5/min. 
It is stressed that the distance from the hood is critical; whereas the fume from 
a weld 6in. from the hood is well controlled, at 8 in. there is no effective control 
of fumes. Using a hood of this kind it is not necessary to readjust it more frequently 
than the electrode is renewed. The hood is provided with permanent magnets so 
that it can be used on surfaces which are not horizontal. 

In oxyacetylene welding the energy dissipation in a comparable weld is at a rate 
two or three times as great as in arc welding; moreover the gas jet, which has a 
velocity in excess of 300 ft/sec, causes considerable local turbulence so that fume 
control will call for much greater air velocities. 

In a shop where no local exhaust ventilation is used the fume tends to be carried 
upwards by the convection currents so that general ventilation through roof openings 
will remove fume at a higher concentration than is present at floor level. Notwith- 
standing this, if the general level of fume becomes excessive, then, particularly in 
winter, it may prove more economical to provide some local exhaust ventilation 
than to increase the general ventilation and so increase the heating requirements. 
For hand welding local exhaust may be expected to remove fume at the rate of 
0-5 to 2 g/100 ft and general ventilation at about 0-1 g/100 ft} or less if reasonable 
conditions are to be maintained for crane drivers. 

Ozone 

Where moderate welding currents of the order of 100 to 200 A are employed it 
appears (CHALLEN ef al. 1958) that good local exhaust ventilation will be sufficient 
to prevent the occurrence of symptoms, i.e. to keep the ozone concentration down 
to 0-1 to 0-2 parts per million. When higher currents are employed an appreciable 
concentration of ozone is possible outside the effective zone of a practical exhaust 
hood. Enclosure with a view to preventing the irradiation of air outside the exhausted 
zone would then appear to be advisable. A modification of the automatic machine 
has been devised by SmitH and HouLpcrort (1958); this incorporates a supple- 
mentary argon supply, which is fed into a water-cooled shield, suitably contoured 
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to be almost in contact with the work. It appears that this modification results 
in complete shrouding of the arc and may possibly prevent ozone formation al- 
together, though its ostensible purpose is to permit the use of higher currents without 
detriment to weld quality. Welding operations are frequently carried on in close 
conjunction with degreasing. In order to avoid the risks of phosgene formation 
it is desirable that any general ventilation should carry air from the welding 


position to the degreasing plant and not vice versa. 


CONCLUSION 


In conclusion the following points are emphasized: DoiG and DuGuip (1951) 
found the health of welders to be generally satisfactory by comparison with other 
trades; however, they observed a slightly excessive morbidity from respiratory 
affections. This observation was reinforced by the report of the 1951 census which 
returned a standardized mortality ratio of 226 for deaths from pneumonia among 
welders. Since this time the uses of welding have multiplied and certain techniques, 
which were then exceptional in this country, have come in to general use, in par- 
ticular, the use of inert gas shielding and “low hydrogen” electrodes. As regards 
the latter, though it may be felt that the welder is unlikely to absorb sufficient 
fluorine to cause significant systemic effects, it must be recognized that the long- 
term effect of calcium fluoride deposited in the lung is quite uncertain. (KING ef a/., 
1958; PoticarD and CoL.et, 1953). 

The degree of offensiveness of welding fumes is not an adequate guide to their 
composition; the practice of providing the welder with extraction equipment and 
allowing him to decide whether he shall use it cannot, therefore, be regarded as 
satisfactory. A more exact knowledge of the toxic properties of welding fumes and 
of the quantities actually inhaled under present conditions is a necessary precon- 
dition of any improvement in this respect. 
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DISCUSSION 


Dr. D. E. Hicxisu said that welding in the open air, or in large well-ventilated shops, did not 
normally present serious health risks, except where highly toxic substances such as lead or cadmium 
were involved. In confined spaces, where welding commonly occurred, the problem became more 
acute, and effective ventilation was necessary. He wished to re-iterate that effective control of 
welding fumes could only be achieved if the exhaust hood was kept close to the source of fume. 
During the consumption of a single electrode the welding point would move over a distance of up 
to 9 in. and this movement had to be taken into account. The addition of a flange to an exhaust 
hood increased its effective range. In collaboration with Mr. W. A. Atrwoop, H. M. Engineering 
Inspector of Factories, he had carried out some smoke tests on a commercial welding exhaust 
plant, and the results of these tests are illustrated in the accompanying photogrophs. The photo- 
graphs emphasize the points mentioned, and also demonstrate that the hood should be moved 
after the use of each electrode. (Fig. 1.) 

Another, perhaps unsuspected, hazard could arise when oxyacetylene cutting was carried out 
in confined spaces. The process required an excess of oxygen to be delivered from the blow-pipe, 
and, without exhaust ventilation, oxygen enrichment of the air, with its attendant hazards, could 
occur 

In reply to Dr. Hickisu, Mr. Roe said: I am in complete agreement with Dr. Hickisu’s remarks. 
May I say how glad I am that he was able to show some slides which expressed much more effec- 
tively than my words the importance of placing the exhaust hood correctly. 

| should like to add one point however. The expression “large well-ventilated shop” seems to 
me to beg the question. Could not the ventilation be related to the average power dissipation of 
the welders? Tentatively, I should suppose that 500 to 1000 ft}/min/kW would meet the case. 

\ speaker asked whether the shrouded inert-gas-shielded machine had in fact been shown to 
produce less ozone. Mr. Roe replied no, it was just a reasonable supposition and added later that 
it was, of course, possible that argon atoms in the excited state might initiate the reactions leading 
to the formation of ozone 

Mr. Hiccier said that the use of electric fans for exhaust purposes in shipyards was not always 
safe or convenient. He had found that the use of an improvised ejector consisting of a compressed 
air jet blowing across the end of a 3 in. pipe had proved very useful in this sort of situation. 


Vol. ; 
1959/ 


84 J. W Ror 
4 


inn. Occup. Hyg. Vol 2, pp. 85-91, 1959. Pergamon Press Ltd. Printed in Poland 


THE BRITISH OCCUPATIONAL HYGIENE SOCIETY’S 
RECOMMENDATIONS REGARDING THE ESTABLISHMENT 
OF AN OCCUPATIONAL HYGIENE SERVICE 
ON A NATIONAL BASIS 


IN recent years those concerned with the maintenance of the worker’s health and 
well-being have felt that there is a need for an occupational hygiene service which 
could give advice on the environmental conditions of workers at their place of 


work. 

The Society is naturally interested in such a development and accordingly the 
Executive Committee set up a working group, consisting of Dr. L.G. NorMAN, 
Dr. G. G. MaAtHew, Dr. D. E. HickisH and Mr. P. C. G. IsAAc, to consider and 
report on the functions of such a Service. The group was assisted by comments 
from a number of members of the Society who replied to a circular issued by the 
Secretary. 

Dr. MATHEW prepared a memorandum based on the discussions of the working 
group and this was accepted by the Executive Committee on 7 May 1959 as a state- 
ment of the Society’s view on the establishment of an Occupational Hygiene Ser- 
vice. The memorandum, in full, is given below. 


INTRODUCTION 


Occupational Hygiene is the science which leads to the provision of a healthy 
and comfortable working environment. It derives from the increasing realization 
that good work can only be done in a good environment and that the harmonious 
interaction of a working man with his working environment will lead to better 
production, better labour relations and improved health. While it is clearly morally 
wrong to expose working people to conditions which are known to be harmful, 
ignorance or doubt as to what is harmful is often used as an excuse for working 
conditions that are less than good. Technical advance in industry is such that we 
have to be in a position to anticipate health problems and hazards which may occur 
in the future. Scientific evaluation and control of working conditions is as important 
as similar means of investigating and controlling production methods and they 
should both work hand in hand. The Society believes that a Service undertaking 
this work is needed in this country and that its function would be essentially advisory 
to those people or organizations making use of it. The Service would have to visit 
and carry out investigations in work places, laboratory work forming only one 
part, although necessarily a vital one, of this overall function. The functions of 
the Service are detailed in the subsequent paragraphs. 
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2. USERS OF THE SERVICE 


In discussing the establishment of a Service of this nature it is very easy to forget 
exactly who is going to use it. The Society believes that the Service should be available 
to any organization or individual concerned with the working environment. There 
is a tendency to assume that Industry comprises those establishments covered 
by the Factories Act. This is, of course, not true and it must be remembered that 
agriculture is the largest industry in this country and that a great number of people 
work in offices, shops, docks, mines, civil engineering projects, forestry, transport, 
building and many other types of work not covered by statute to anything like 
the extent that “factories’’ are. The Service must be comprehensive and available 
to all these. The Factory or other appropriate inspectorate should encourage firms 
or organizations to refer their problems to the Occupational Hygiene Service but 
should not act as a sorting house. While it is realized that a number of frivolous 
requests are likely to fall upon the Service, it is thought that the Service can only 
reduce their number by giving them attention and by supplying suitable informa- 
tion to those people making the requests. 


3. FUNCTIONS AND PRACTICE 
The basis of the Service should be field work backed by a laboratory. The one 
without the other will often be meaningless within the context of Occupational 
Hygiene. 

The specific functions of the Service are as follows:— 

(i) Discussion of proposals for new processes and factories at an early stage 
in design, in order that advice may be given on matters of occupational 
hygiene. 

(ii) Visits to and inspection of factories and processes in order to advise on 
specific problems, and to recognize other problems which should be given 
further attention 

(ui) Where unhealthy or uncomfortable conditions are said to exist, the Service 
should offer to carry out scientific investigation of such conditions, and 
report frankly to the management on these investigations. 

(iv) When, by inspection or by investigation, undesirable conditions are shown 
to exist, recommendations should be made as to what improvements are 
necessary. This advice should be practical, economical, and should provide 
a factual basis upon which the firm can specify their requirements to any 
contractor whom they may engage to carry out necessary installation work. 
(As an example, in the case of a noise hazard, figures should be quoted 
to indicate the reductions in sound level necessary at particular frequencies. ) 

(v) When a process has been shown to be potentially hazardous, or where con- 
trol measures have been instituted, there should be facilities for continued 
monitoring of the process to ensure that it remains safe. (This may involve 
regular air sampling or the regular submission of urine or blood specimens 
for analysis.) 
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(vi) In order that the facilities should be used to the widest extent, on a voluntary 
basis, it will be essential for the Service to operate promptly, efficiently 
and discreetly. The facilities offered by the Service should include advice 
and investigation on the following aspects of Occupational Hygiene: 


(a) Chemical 
(1) Determination of the nature of chemical hazards, if any. 
(2) Air sampling and analysis. 
(3) Analyses of industrial materials (e.g. mixture of solvents). 
(b) Dust 
(1) Analyses of bulk and airborne samples for mineral content (e.g. 
silica, asbestos, talc, etc.). 


(2) Dust counts. 
(3) Particle size analyses. 


Comfort conditions 
(1) Heating and ventilation studies. 
(2) Lighting surveys. 


(c 


Noise 
(1) Sound level measurements and analyses. 
(2) Audiometry. 


(ce 


Engineering 
(1) Exhaust ventilation design. 
(2) Testing of existing ventilation system. 


Radioactivity 
(1) Measurement of environment. 

(2) Individual exposure monitoring. 
(3) Blood examination. 


Pathological and Biochemical 
(1) Blood examinations. 
(2) Biochemical tests, blood, urine, excretion tests, etc. 


Clinical and Radiological Studies 
(1) Clinical studies. 
(2) X-ray facilities. 


(h) 


(i) Personal Protection (Advisory). 

The collection of samples requires a high degree of skill and experience; the result 
of any subsequent analysis only has significance in relation to the method and 
the situation of the sampling. In Occupational Hygiene the analysis, be it chem- 
ical or physical, is often specialised (e.g. dust counts, noise measurements) and 
outside the scope of existing organizations. From the chemical point of view, the 
method of sampling is often integrated with the method of analysis (e.g. the chem- 
ical estimation of benzene, phosphine, arsine) and both operations are best carried 


out by the same organization. 
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Tests of biological specimens can frequently give information complementary 
to an environmental study. This requires a biochemical approach to many problems 
which is more often than not lacking in the existing laboratory services, apart from 
a few hospital departments of chemical pathology. Pathological investigations 
could be carried out by hospital departments but it would be preferable if they 
were prepared by the Service because these specimens can be collected concurrently 
with the environmental! samples, thus providing a better reflexion of the immediate 


effect of adverse conditions. Much information can be obtained from 5 ml of 


blood, particularly when the person directing the examination is also making the 
skilled assessment. Clinical examinations would, where appropriate, be carried 
out in conjunction with industrial medical officers and general practitioners. 

The interpretation and assessment of the significance of results depends on the 
availability of a sufficient number of personnel trained to professional standards, 
without which the Service cannot be operated. 

In addition to the above the following functions would also seem to be an impor- 
tant part of the Service. 

(a) Advisory—including an information service, a reference library and a reg lar 
digest of information about Occupational Hygiene. 

The information service would probably be of great value from the outset and 
a means of contact with actual and prospective users. 

Access to a good reference library is essential to any worker in this field. While 
any experienced worker knows how to gain access to such a library a small working 
reference library would be needed in each laboratory, and a central library would 
be advisable for the whole Service. There are few books which are of much help 
from this point of view and the bulk of the information required can only be ob- 
tained from a multiplicity of journals. Some of these would be in constant use and 
should be provided at each laboratory; others, used occasionally for reference, 
would be obtained from the central reference library. There should be a clerk on 
the strength of each laboratory suitably trained in cross-referencing and the elements 
of librarianship, and a fully trained librarian at the central library. 

A regular Digest of information on occupational hygiene matters would be of 
great use to members of the Service and would, in addition, provide a valuable 
source of information to employers, trade unions and interested members of the 
general public. This could be an important part of establishing good public rela- 
tions in the early days of the Service. 

(b) Research—-In many ways it is natural for people without first hand experience 
of occupational hygiene to expect that research would be an essential part of the 
Service. This is only partly so. The prime purpose of the Service would be to give 
prompt replies to ad hoc problems arising in the workplaces which it serves. In 
view of the diversity of the problems which it is likely to encounter, and the fact 
that many of them will not have been encountered before, it is obvious that a cer- 
tain amount of “finding out” will be required but experience suggests that “research” 
is a rather pretentious word for this work. Actual research will inevitably follow 
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from the above, particularly as good quality staff would wish to do research in 
addition to their more routine duties. This research would be of great importance 
but in no way should it take precedence over the routine work of the Service. The 
testing of new compounds for toxicity, including animal experimentation, and 
the analysis of suspect proprietary materials and preparations would be carried 
out within the framework of the Service. 

(c) Teaching and training (see section 5 Staff, below) 


4. STRUCTURE AND ADMINISTRATION 


The Society suggests that the eventual structure of the Service would comprise 
a Central Institute or Laboratory with Regional Centres and/or peripheral labora- 
tories. It is realized that the Service can only develop as long as there is an adequate 
demand for its work and initially it would start with only one or two Regional 
Centres, one of which might ultimately become the Central Institute. Other Regional 
Centres would be established and, only if necessary, would peripheral laboratories 
be set up. Field units would work from the Regional Centres. 

Although the Service would ultimately cover all parts of the country it is strongly 
recommended that one laboratory should be established in the centre of an industrial 
area On an experimental basis; other laboratories should not, indeed could not, 
be established until staff are available of the highest possible quality (see STAFF). 
A few existing organizations have their own services at present and it is conceivable 
that these could be incorporated in the main service on the same basis as the recog- 
nized laboratories in the Public Health Laboratory Service. 

The Society believes that the Service should be independent of any existing organ- 
ization. While there is some substance in the argument that a parallel organization, 
the Public Health Laboratory Service, is administered by the Medical Research 
Council, in fact this Service is administered by a board which could equally well 
be autonomous. An administrative board responsible to the Privy Council would 
appear to be satisfactory unless a Foundation were to be formed to which all inter- 
ested bodies subscribed. 

The financial administration of the Service is difficult to determine until its exact 
form is known. 

Broadly speaking, it would have to run on one of the following bases :— 

(1) fee for service with charges sufficient to make it financially self-sufficient. 

(2) fee for service, with flexible charges and subsidized from public monies or 

Foundation. 

(3) free to all users and paid for completely from public monies or Foundation. 

Complete financial self-sufficiency would place too great a strain on the organ- 
ization and would mitigate against first class scientific work. On the other hand, 
the work carried out by the Service might well save the user substantial sums of 
money and it is thought that under these circumstances an appropriate charge should 
be made. Moreover a service which is paid for is more often appreciated than one 
that is not and usually results in greater co-operation while the work is being 
actually carried out. A contrary view, with substance in it, is that any charge might 
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put off those organizations most in need of the attentions of the Service. Further- 
more, if the Service is to be comprehensive and is to fulfil the premise that it should 
be available to any organization or individual concerned with the working environ- 
ment (see section 2, Users of the Service) it must inevitably be free. Perhaps a com- 
promise would be satisfactory whereby charges were only made for certain major 
items, the remainder being free. The carrying out of these major items would only 
result after a preliminary examination had revealed their necessity. This would be dis- 
cussed with the client, who would be informed of the cost and would or would 
not agree to the work being subsequently carried out. The charges under these 
circumstances might be substantial but would be no greater than those made by 
private consultants for analogous work. 

A subscription or levy on a per capita basis would be unfair to firms employing 
large numbers of people exposed to no hazard, particularly as it is sometimes the 
small organizations that have the most hazards. 


5. STAFF 

This is the crux of the whole question. Few people realize what a very small number 
of trained occupational hygienists there are in this country. It is also apparent 
that few people realize the need for training in occupational hygiene and that it 
is a discipline of its own which demands training of those practising it. While there 
is a relatively large number of industrial physicians, few of them have learned the 
detailed techniques of occupational hygiene; they conduct much of their practice 
without its assistance. In this country there are no facilities for training in occupa- 
tional hygiene and moreover there will not be until there is a demand for such training. 
This is only likely to arise when occupational hygiene is brought to the notice of 
the public. One of the ways of doing this would be to establish an embryo service, 
using existing trained staff, on the basis outlined above (see section 4, STRUCTURE 
AND ADMINISTRATION) which carried out work of the highest quality, which 
acted as a training centre, and which acted as a vigorous educative centre. 

Each working team should be led by a person of graduate level trained in occupa- 
tional hygiene. The Director of a laboratory must be a person of wide experience 
and high professional standing. The Service would include medical men, engineers, 
chemists and physicists. Medical advice is essential as it is only a qualified medical 
practitioner who can in the last resort identify and define harmful factors in the 
working environment. The engineer, chemist and physicist help in the definition 
with their specialized techniques and take over completely when it comes to the 
control of the adverse circumstances. 

Until a reasonable complement of trained occupational hygienists is available 
it is useless to discuss other aspects of staffing. 


6. PUBLIC RELATIONS 


Adequate and judicious public relations are of first importance not only from 
the point of view of establishing the Service but in order to create an awareness 
of occupational hygiene and to attract first class people into its practice. Responsible 
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people in industry are often completely ignorant of the causes of industrial illness 
and fail to realize that investigation is possible and desirable. This ignorance and 
the apathy arising from it need to be overcome when instituting a major service 
of the nature described above. On the other hand, the “public relations’ must 
be judicious lest excessive anxiety be induced and the Service overwhelmed by 
demands for fruitless and futile investigations. It is inevitable that the Service will 
go through a trying time initially but it will only create a high status for itself by 
a high quality of work. 
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Abstract—A two-stage aerosol sampling unit is described in which a pre-impinger 
retains particles above the unit-density sphere diameter of 4-5 and a backing impinger 
retains the remainder down to ca. $ #. This division approximately simulates “head”’ 
(upper respiratory) and “lung” deposition in the respiratory tract. The pre-impinger is 
so designed that all the particles are impinged directly into liquid, to eliminate particle 
slippage, to aid the recovery of sensitive viable bacteria or viruses, to minimize internal 
wall losses and to give high particle intake efficiency, particularly in field conditions. A 
novel form of “ideal” total-aerosol sampler is also described. 


INTRODUCTION 

AN impinger is an aerosol sampling device in which a jet of particle-carrying air 
is caused to impinge violently on the base of a flask containing liquid. This impinge- 
ment, followed by violent bubbling through the liquid, causes most of the particles 
to be retained in the liquid. Aliquots of the liquid may then be analysed in the most 
suitable way and the concentration of the original aerosol obtained from a know- 
ledge of the volumetric flow through the impinger. GREENBURG and SMITH (1922 
described the original impinger and some modern forms have been described by 
May and Harper (1957) in a study of various types of impinging jet. 

The impinger must be used with caution in aerosols such as dust clouds because 
the impingement velocity and wetting by the liquid breaks up aggregates so that 
the count shows more small particles than were actually present in the aerosol. In 
clouds of bacterial or viral particles the impinger has found wide use. In this case 
the break-down of aggregates in the suspending liquid gives a final count of the 
total number of viable cells in the air, which is often the figure required. An invalu- 
able feature of the liquid impinger in viable aerosols is that aliquots of one sample 
suspension can be planted out on different selective media for type discrimination, 
while a suitable suspending liquid enables particles to be held without loss of 
viability for sufficient time for the viable assay to be done without haste. 

In aerosols which are a health hazard the particles of greatest danger are often 
those which are small enough to be carried through the upper part of the respiratory 
tract and be deposited in the bronchioles and alveoli. Consequently it has become 
the practice to estimate only the particles which are small enough for “nasal” 
penetration (below about ca. 5 «), and some samplers, by gravitational or aero- 
dynamic separation, select only the finer airborne particles for analysis. 

One form of aerodynamic selector is the Pre-lmpinger (May and DRustrT, 
1953). This is a | in. diameter glass bulb, as shown in Fig. 1, which is half filled 
with liquid and attached to the front of an impinger intake tube. The indrawn air 
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enters the bulb through a small circular hole in the upper front wall (left side in 
Fig. 1), strikes the liquid surface gently and obliquely as shown, then after forming 
a vortex around the meniscus finds a way out through the top tube and thence 
into the backing impinger. This system of low velocity impingement on the liquid 
surface, which is hardly disturbed, throws out the airborne particles down to a 
certain size only and the effective particle-size cut-off level for the device may be 
selected by choice of intake hole-size and flow-rate, etc. Typically this cut-off has 
been set at 4, i.e. equal numbers of 4 » particles (spherical, of unit density) are 
found in the pre-impinger and impinger. The cut-off is not sharp and the actual 
percentage of particles of a given size retained in the pre-impinger may be read off 
from the Mk. I curve of Fig. 3. 

The reason for using a liquid surface for impingement in the pre-impinger, 
instead of simpler and handier dry or sticky surfaces, is that viable particles may 
be estimated in the pre-impinger liquid as in the impinger liquid, when it is desired 
to know the total airborne concentration in “large” (upper respiratory retention) 
particles and “small” (upper respiratory penetration) particles. Most viable air- 
borne particles are difficult or impossible to estimate from a dry or sticky surface, 
on which they may rapidly die or adhere with great tenacity. 


Fic. 1. Bulb-type of pre-impinger 


The device has been used extensively and other workers have confirmed the 
size selection at the stated figure. However it has been found to be less satisfactory 
for collecting large particles in the liquid. In tranquil air the liquid impingement 
functions satisfactorily but when sampling in a wind many of the large particles 
are thrown out on to the back wall above the fluid level. What happens is shown 
in Fig. | where the dashed lines illustrate the sampled stream-tube from a wind 
moving left to right, while the dotted line illustrates the trajectory of a large particle 
which has sufficient inertia to be unable to follow the rather sharp downward 
deflection of the stream-tube inside the bulb. The mavnitude of the back wall loss 
may be seen from part of Table | which is a summary of samples taken from wind- 
borne spray clouds as described later. Column 3 gives the amount of sample re- 
covered from the pre-impinger fluid and Col. 5 gives the amount recovered by 
washing out the inside of the glass bulb after removal of the Col. 3 sample. It will 
be seen that in Fig. | or “Bulb” type of pre-impinger (Col. 2) the “washings” 
recovery (Col. 5) from the wind-borne clouds is greater for normal unshaken 
samples than the Col. 3 recoveries and sometimes much greater. 
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Deposition of large wind-borne particles on the dry back wall is of no import- 
ance if we are only interested in the finer fraction of the cloud, for the physical 
filtering action of the pre-impinger is not appreciably affected by the wind speed. 
But when we want to sample quantitatively the larger particles of a sensitive viable 
cloud by trying to deposit them all straight into liquid, we are faced with the 
dilemma that we cannot impinge horizontally moving particles into a horizontal 
liquid surface without imposing a bend in the particle trajectory. This bend will 
inevitably throw out some of the larger particles, the magnitude of the effect being 
proportional to the particle velocity and density and the square of its diameter. 

The new type of pre-impinger apparatus described below overcomes this 
drawback and is shown to be an efficient all-round aerosol sampler. 


DESIGN CONSIDERATIONS 

To avoid the dilemma mentioned above, there seem to be three possibilities, 
(a) to bring the wind-borne aerosol nearly to rest in the vicinity of the intake orifice, 
(b) to coat the back of the bulb with a suitable non-drying film of, for example, 
agar and (c) to devise some method of making the liquid surface vertical at the 
time of sampling. 

With regard to (a), this end might be achieved, for example, by a circular baffle 
plate in the plane of the pre-impinger bulb, normal to the wind and with the bulb 
projecting through the centre of the plate. This idea also offers the attractive 
possibility of eliminating the otherwise unavoidable errors associated with aniso- 
kinetic sampling. At the time of writing, however, the facility has not been available 
for testing baffles of the necessary size so there is no information of sufficient 
worth to enable any estimate of the effect of baffles to be made, and under (b), 
coating the back of the bulb of the standard pre-impinger with a moist sticky sur- 
face, e.g. agar, which could subsequently be washed off, is a simple solution for 
non-viable aerosols but the few experiments which have been done on these lines 
with viable aerosols were quite inconclusive. It is difficult to see how bacteria could 
die when impinged on an agar surface of the type on which they would be grown 
for assessment, though the method would involve extra work in preparation of the 
pre-impingers (which probably could not be stored for long) and it might be 
difficult to wash the impinged bacteria off. The thin film of agar might also dry off 
rather rapidly. Further work on internally-coated bulbs or other suitable impaction 
devices could be of value in this problem. 

Coming to (c), it is possible at the expense of some mechanical complication to 
impinge the particles into a vertical surface of a liquid. Two ways of doing this 
are (1) to shake the bulb at a suitable frequency so that the liquid runs up and 
down the back wall while the inflowing air prevents the liquid from splashing out 
of the orifice and (2) to make the pre-impinger tip forward after suction commences 
so that the intake orifice is below the liquid level. In system (2) any escape of liquid 
is prevented by the incoming air while the latter is presented with a wall of liquid 
built up by the air stream. Any large particles entering the orifice are immediately 
impinged into the liquid wall. Before, or simultaneously with, the shutting off of 
the suction the pre-impinger can be turned back so that the orifice is above the 
liquid level, and spill is avoided. 
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System (2) would seem to be more reliable than (1) and mechanically simpler; 
it is the one which has been adopted for the pre-impinger shown in Fig. 2, now 
called the “tilting” pre-impinger. Figure 2A shows a vertical section of the device 
tilted back through 45°. This is the resting position in which the device is filled and 
held prior to and after sampling to prevent the liquid spilling from the intake 
orifice. Clearly there is no margin for rough or careless handling as long as the 
device remains filled and without a bung. The outlet tube can be as shown in 
Fig. 2 for direct attachment to the impinger or the device may be made with the 
outlet tube normal to the plane of the paper, either right- or left-handedly, when it 
is desired to insert the device through a hole in the wall of a duct or wind tunnel 
with the orifice facing upwind. 


Fic. 2. Tilting pre-impinger. 
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Fic. 3. Particle retention curves of pre-impingers (density of particles = 1-3 g/cm’). 
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Fic. 4. Tilting pre-impinger/impinger unit in resting position. 
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Fic. 5. Functioning of bellows-operated tilting mechanism. 


Figure 2B shows the tilting device in the vertical position to which it is moved 
immediately after the sampling flow is turned on. The size and fill of the device 
are such that if it be in the vertical position with a finger closing the orifice, the 
liquid surface is just level with the upper edge of the orifice. If the liquid level is 
higher than the top of the orifice the inflowing air causes bubbling and splashing 
which is most undesirable. When the device is correctly filled the liquid surface 
takes the approximate, pulsating, shape shown in Fig. 2B. It will be seen that 
incoming, horizontally moving, particles are presented with a nearly vertical face of 
liquid into which the larger particles impinge and they cannot strike any unwetted 
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surface as in the bulb type. When sampling is completed the device is rotated 
back through 45° before the air suction is switched off. 

Rotation may be done by hand when the device is used for duct sampling, the 
side tube functioning as a pivot. For general use the complete pre-impinger and 
impinger assembly has been mounted in the stand shown in Fig. 4 and diagram- 
matically in Fig. 5. This stand contains a metal bellows connected to the suction 
line which smoothly and automatically pulls the sampler into the vertical position 
when the suction is turned on and allows it to return to the resting position when 
the suction is turned off. The actual sequence of events is as follows. Referring to 
Fig. 5, the assembly is resting in position A before the sample is taken. As soon as 
suction commences (at least half an atmosphere is necessary to operate the critical 
orifice jet of the impinger correctly) the flap valve (ec) opens and the impinger begins 
to sample at its full speed almost at once. Meanwhile the capillary bleed (c) allows 
air to be exhausted relatively slowly from the metal bellows (a) so that the impinger 
is pulled up smoothly to the erect position by a linkage connecting the free end of 
the bellows to the impinger holder. No liquid can spill from the orifice during this 
operation because inflow of air precedes the tilting motion. When the suction is 
stopped at the end of the sampling period, the flap valve (e) closes but the reserve 
of vacuum in the smal! reservoir (d) causes the impinger flow to die down rather 
gradually over a period of about 3 seconds. During this time the capillary bleed (c) 
allows air to leak back into the metal bellows, the natural spring of which returns 
the impinger holder smoothly to position A before the inflow of air has completely 
ceased so that the liquid in the pre-impinger does not spill. 

The whole mechanism is quite simple to make and involves no precision work. 
In practical use it has proved to be robust and reliable. The metal bellows, which 
is enclosed in a protective guide tube, is 3 in. long and |} in. outside diameter with 
25 convolutions and a wall thickness of 0-005 in. The capillary bleed (c) is 0-016 in. 
bore (No. 78 drill) and the capacity of the air reservoir is about } litre 

The specification of the tilting pre-impinger itself is 


Overall height 50-55 mm 
Internal diameter of tube 
Intake orifice diameter 6-5 mm (for 11 litres, min 
sampling rate) 
Height of centre of orifice from upper 
surface of base (base must be flat) ll mm 
Glass wall thickness ca. | mm 
Outlet tube o.d 8 mm 
Liquid fill to give correct depth (Fig. 2B 
profile) 40 


SAMPLING PERFORMANCE OF THE TILTING PRE-IMPINGER 


Particle size cut-off 

The design is intended to give a similar particle retention to the original bulb 
type of pre-impinger. The “retention curve” of Fig. 3, which shows the relationship 
between a particle's diameter and its chance of being retained in the pre-impinger 
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or passing through the backing impinger, was obtained in the same way as pre- 
viously described for the bulb type (May and Druetrt, 1953). In brief, aerosols of 
nearly monodisperse dye particles of any desired size were generated by a spinning 
disk and sampled by the pre-impinger/impinger unit; the two liquid fractions were 
estimated colorimetrically. Comparing the curve for the Mk. II or tilting type with 
the Mk. I or bulb type we see that the former has a less sharp cut-off characteristic. 
The reason for this is to be found in the behaviour of the liquid face presented to 
the incoming air jet. This pulsates rather rapidly and so causes the particle filtration 
efficiency, which is a function of the geometry of the incoming air jet, to vary 
continuously about its mean. The particle size having a 50 per cent chance of 
retention, namely 4-3 yu, is close to that of the Mk. I pre-impinger (4-1 «). This 
means that while the new device would be less satisfactory for characterizing a 
cloud of very narrow size spectrum in the 2-10 « region, for all ordinary purposes, 
in the typical cloud of wide size distribution, the cut-off of the two types of pre- 
impinger is effectively the same. The density of the dye particles in these tests was 
about 1-3. The particle sizes should be increased by 1-3 to relate to unit density 
spheres. 


Intake efficiency in the laboratory 

When attempting to get an accurate sample of large aerosol particles it is 
important that we should know the “intake efficiency” of the sampler, that is, the 
ratio of the number or mass of particles in a portion of air entering the sampler to 
the number or mass in the same portion when it was in the free air-borne state. 
Intake losses are influenced by air velocities, turbulence, sampler geometry, particle 
inertia, etc. The hole size and intake velocity of the tilting pre-impinger are the 
same as for the bulb type and the outside dimensions are similar so that we would 
expect that the intake performance of the two types would be similar. Wind-tunnel 
tests revealed that this was substantially the case so that the intake efficiency 
curves already published for the bulb type, which show the quantitative effect of 
particle size and wind-speed on intake efficiency can be taken to apply to the new 
type. The main features of these curves are that intake efficiency for all particle 
sizes up to 30% is close to 100 per cent in still air or when facing into winds of 
12-16 m.p.h. The lowest efficiency occurs at 6 m.p.h. where the range was from 
better than 95 per cent for particles below 10 « to worse than 60 per cent for 
particles above 30 u. Above 16 m.p.h. intake efficiency begins to exceed 100 per 
cent for the larger particles, but over the whole range of speeds investigated (0-20 
m.p.h.) errors are negligible for particles < 10 pw. 


Sampling efficiency in the field and comparison with bulb type 

Natural winds, in the open air, usually fluctuate in speed and direction. This 
turbulence, which is a function of the terrain and meteorological conditions, makes 
continuous isokinetic sampling impossible and might cause sampling errors. As far 
as is known no work has been done on the efficiency of suction samplers in the 
open air. This is probably because the problem of establishing an absolute sample 
for comparison has never been solved. To investigate the performance of the 
tilting pre-impinger in natural winds and to compare its back-wall deposition and 
loss with that in the bulb type, a series of samples was taken of particles sprayed 
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down-wind in the open air. To gain the nearest possible approach to an absolute 
sample the so-called “‘ideal’’ sampler as described below was used. It was set up 
in the centre of a row of two of the bulb type pre-impinger/impingers and two of 
the tilting type in alternate positions, all facing into the mean wind direction. The 
intakes were 3 ft from the ground and only a few inches apart so that all would 
receive the same dosage from the spray which was 20-50 yards up-wind. This 
distance allowed the cloud of aerosol particles to be well mixed by natural turbu- 
lence. Details of the test equipment and procedure were as follows. 


(a) The “Jdeal”’ sampler. This is shown in Fig. 6. The intake head of this is a 
knife-edged steel tube of 19 mm diameter. Held at the extreme front of this tube 
by a backing of metal gauze across the tube is a pad of superfine glass wool which 
is an exact fit into the knife-edge tube. To ensure that the fit is exact and free from 
edge leaks the knife-edge tube itself is used as a tool for cutting out the pads. This 
form of sampling head with its filtering level in the same plane as the knife- 
edge can have no “intake tube” errors and no appreciable edge effects. The head is 
universally pivoted and is maintained facing into the wind by its tail surfaces. For 
rapidity of response the tail surfaces are made as light as possible and of stream- 
lined section using doped tissue over balsa frames. Response to vertical wind 
components is allowed by the horizontal needle-pivots immediately behind the head, 
and horizontal components are accommodated by a ball race at the bottom of the 
yoke. A long thin-walled tube made from { in. o.d. metal bellows connects a suc- 
tion tube to the back of the head. The soldered junction of the upper end of the 
bellows is as close to the needle-pivot axis as possible so that the bellows displace- 
ment is minimal when the tail moves up or down. This, coupled with the great 
flexibility of the long metal bellows, ensures that the restraint on the vertical move- 
ments of the tail exerted by the suction tube connexion is negligible. The lower end 
of the metal bellows is connected to a tube which is integral with the yoke and 
which is a push fit through the ball race about which the yoke pivots in a horizontal 
plane. This tube serves both to lead the air through the ball race and as the actual 
pivot of the yoke. Connexion to the sampling pump is then made via a length of 
rubber or PVC tubing which is allowed to hang down freely below the yoke. This 
length of tubing, which should have a minimum bore of ;4 in. and the minimum 
wall thickness which will withstand the suction, accommodates the horizontal 
movements of the tail with only very small restoring moments, if it is sufficiently 
long and flexible. 

While this sampler follows changes in wind direction with great rapidity and 
sensitivity it cannot follow changes in wind speed so that continuous isokinetic 
sampling is not achieved. The procedure adopted was to set the suction rate of the 
sampler so that air speed entering the sampler head equalled that of the mean wind 
velocity prevailing at the time of a test so that inertial sampling errors due to the 
wind being above or below the mean would largely cancel out. 

It is thought therefore that this “ideal” sampler must give a very close approach 
to the true air-borne concentration of all sizes of air-borne particles, all major 
sources of error having been eliminated. The glass wool filter pad had a 100 per 
cent filtration efficiency for the particles used in the test, some of which were 
smaller than | x. 
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(b) The spray. This was a small very simple two-fluid atomizer basically similar 
to a paint spray. At working air pressures of 50-100 Ib/in®, liquid was sprayed at 
the rate of about 100 cm*/min with an air/liquid mass ratio of between | and 2. 
The drop spectrum extended downwards from about 50 » with a volume median 
diameter of about 15 «. With a solid content of 4 per cent in the sprayed liquid, 
the fully-evaporated drop diameters were about one third of the original drop. In 
the tests with dye a spray with a multiple head was used as it enabled high dosages 
(necessary with the rather insensitive dye estimations) to be obtained in a reasonable 
spraying time. 

(c) The aerosols generated by the spray. These gave a range of dye particles or 
wet droplets from 50 « down to well below | «. By doing some tests at very short 
range it was possible to give the sampled cloud a coarse bias because the droplets 
then had insufficient time to evaporate fully. The coarse clouds of unevaporated 
droplets of up to 50 « provided a more severe test of the intake performance of the 
pre-impingers than the fine sprays where the cloud was fully evaporated to its dry 
residue, as inertial intake losses are greater with the larger particles. 

Three types of aerosol were used in the tests: (1) from a | per cent solution of 
fluorescein, with sodium carbonate to make up a total solid content of 4-5 per 
cent; (2) from a 4 per cent solution of Naphthol Green B dye; and (3) from sus- 
pensions of B. globigii spores at 5x 10®/ml and 4x 10!%/ml. The first two were 
estimated by fluorimetry and colorimetry and the last by the standard bacterio- 
logical technique. 

(d) Test procedure. With the sampling array set up as described, the spray was 
held in the hand at a suitable distance from the array (governed by the wind speed, 
humidity and the desire to produce a coarse or fine cloud), and was run for a 
sufficient time to give by observation adequate dye coloration in the pre-impinger 
fluid. For the B. g/obigii sprays only a very short burst at 50 yd range was necessary. 
During the longer-period sprays the operator walked with the spray to keep the 
cloud moving over the array as far as possible during wind shifts. The dye sprays 
were usually done at 15-20 yd range. 

Impingers were then washed out on the spot. In the trials where the tilting 
pre-impinger was being compared with the bulb type, care was taken to avoid 
shaking the pre-impingers before the fluid filling was drawn out with a Pasteur 
pipette. This is because in the bull) type heavy back-wall contamination occurs 
just above the liquid surface so that shaking the liquid would vitiate a determina- 
tion of this back-wall deposit. Where shaking did occur accidentally this effect is 
very marked and is noted in Table |. Having thus transferred the undisturbed fluid 
from the four pre-impingers into separate containers, the whole of the inside wall 
of each impinger was then washed round and carefully transferred to separate 
containers. In the case of the B. globigii samples this washing out involved removal 
of the pre-impinger, sealing the entrance and exit holes with rubber bungs and 
shaking vigorously. With the dye clouds it was not necessary to do this to ensure 
removal of all the dye. Finally the impinger fluids were withdrawn into four more 
containers. 

In tests designed merely to determine the intake efficiency of the tilting pre- 
impinger (the tests in Table 2) the removal of the fluid and washing out of the 
glass was done in one process. Also the two pre-impinger samples were bulked as 
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were the impinger samples. This was justified because the Table | tests had shown 
very close agreement between adjacent samplers. 


RESULTS AND DISCUSSION 

(a) Back-wall deposition. Results of the seven tests of the magnitude of this 
effect in the tilting and bulb type pre-impingers are presented in Table 1. 

Attention may first be drawn to Cols. 7 and 8 which show the quantities recov- 
ered from the backing impingers and the totals of pre-impinger plus backing 
impinger. With two exceptions in Col. 7 the figures for a given column and a given 
test are substantially the same. Hence we can conclude that all the samplers in the 
array received a closely similar dose in any one test and since the same fraction of 
this dose finds its way to the backing impingers, then the particle size cut-off of 
each type of pre-impinger was similar, under field conditions. This confirmed the 
laboratory test results given earlier in this paper. 

The internal wall deposition, estimated from the washings, is shown in Col. 5 and 
as a percentage of the whole pre-impinger and impinger sample in Col. 6. Except 
in the three cases where the bulbs were accidentally shaken (marked *) the wall 
deposit in the bulb type was high in relation both to the whole sample and to the 
pre-impinger fluid recovery. In fact, in the B. globigii tests (3)-(5) and in the un- 
shaken bulbs of tests (1) and (6) the wall deposit exceeded that in the fluid. Factors 
influencing these relative amounts were mainly the wind speed and particle size. 
In test (3), for example, where the cloud was observed to be still wet at the sampling 
point in the conditions of short range and high wind speed, so containing a rather 
high proportion of large droplets, the back-wall deposit greatly exceeded that in 
the liquid. With the tilting pre-impingers the relative depositions were entirely 
different. In all cases the wall washings showed a recovery which was small or 
negligible in relation to the whole sample (mean = 4-6 per cent of the total sample) 
and small in relation to the fluid sample. Mean figures for the latter would have 
no meaning because of the wind speed and particle size differences from test to test. 

The results for similar samplers in any one test showed an excellent degree of 
consistency for this type of work and the clear conclusion is that the tilting pre- 
impinger can always be relied upon to deposit its indrawn sample straight into its 
liquid fraction with negligible internal wall losses. The opposite is the case with 
the bulb type of pre-impinger. 

When, therefore, it is desired to obtain an estimate of the larger particle fraction 
of an airborne cloud of micro-organisms which rapidly die if deposited on a dry 
surface, the tilting pre-impinger would seem to be greatly preferable to the bulb 
type. On the other hand, if the pre-impinger is merely used as a filter to eliminate 
the larger particles from the backing impinger sample, the bulb type would be 
preferable because of its simplicity, and for this purpose it is not even essential to 
fill it with liquid. 

(b) Intake efficiency. In Col. 8 of Table | we see that in every test the sum of 
the “combined totals” of the two tilting pre-impinger plus impinger samples ex- 
ceeded that of the two bulb types. The mean ratio of these sums of tilting/bulb 
type is 1-11. The statistical significance of this is high and, from the t-test, P = 14 
per cent. The intake of the bulb type was therefore less than that of the tilting type 
though not by a very large amount. One might expect the bulb type to be lower as 
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its orifice is inclined at 45° to the horizontal compared with the vertical presentation 


of the tilting type. 
To consider, now, the absolute intake of the tilting type we turn to Table 2, 


TABLE 2. COMPARISON OF TILTING PRE-IMPINGER INTAKE WITH THAT OF AN IDEAL ORIFICE IN 
NATURAL WINDS 


(1) (2) (3) (4) (5) 

Test Windspeed Ct from Ctfrom Col. (3)/Col. (4) Remarks on wind 
No. (m.p.h.) tilting “ideal” 

assembly orifice 


direction very steady 
high turbulence 

very variable 

speed very steady 


| 


Mean 1-04+0:-17 


which gives comparisons with the “ideal” orifice recoveries. The figures in Cols. 3 
and 4, which enable samplers of different rate to be compared, are the quotient of 
the total measured sample and the volumetric sampling rate. The absolute values 
of these mass concentration x time (Cr) figures are not given as they have no 
relevance; their ratio is the figure of interest here and is given in Col. 5. The Cr 
figures were derived from the summed or bulked samples from two side-by-side 
tilting pre-impingers with the ideal orifice between them. 

The tests covered fairly adequately the range of wind speeds up to 20 m.p.h. 
They were done during the day and rather close to a building so that wind changes 
may perhaps have been greater than are normally encountered in samples over open 
ground. There does not appear to be any correlation between the Col. 5 figures and 
wind conditions, which is rather contrary to expectation. 

The mean of Col. 5 is close to unity which indicates that in moderate winds the 
tilting pre-impinger is an efficient quantitative sampler of aerosols at least up to 
50 », even when the wind is very turbulent. 

(c) General reliability and practicability. The price paid for the improved sampling 
performance of the tilting pre-impinger over the bulb type is the mechanical compli- 
cation of having to use a bellows-operated mounting. From the glass-blowing point 
of view both types are quite simple to make. The tilting mounting also is quite 
simple to fabricate and involves no precision work. The tubular holder for the 
impinger body is very convenient for quickly emplacing or removing the impinger 
and also protects the impinger fluid from solar radiation. During the course of 
these tests two complete tilting assemblies were subjected to a good deal of rough 
use but have given no trouble of any kind. The tilting mechanism always operated 
smoothly and liquid spill from the orifice of the pre-impinger, which would result 


10-16 0-31 0-35 0-89 
5-9 23 1-7 1-34 
15-20 3:3 2-9 1-14 
8-12 2-85 2:7 1-06 
6-10 0-150 0-147 1-02 
5-7 0-437 0-358 1-22 
9-13 0-150 0-127 1-18 
2 5-12 0-164 0-157 1-04 
3-11 0-161 0-198 0-82 
10 4-5 0-333 0-414 0-81 
11 6- 8 0-320 0-350 0-92 
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from a rough tilting motion or from a movement of the wrong speed, never 
occurred. 
CONCLUSION 
From the physical point of view the tilting pre-impinger/impinger assembly is 
an efficient and convenient device for sampling and size-fractionating wind-borne 
bacterial, or other, aerosols. 


Acknowledgement— Much of the field test work was done by Mr. R. CLIFrorD. 
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VARIABILITY IN THE REALIZATION OF 
THE AUDIOMETRIC ZERO 
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Abstract—Current methods of calibrating pure-tone audiometers are based on trans- 
ferring values of the hearing threshold to practical instruments by way of conventional 
systems of standardization. Errors incurred at the various stages, both instrumental and 
subjective, are examined and are given numerical significance on the basis of experimental 
results. A comparison of different methods of subjective calibration is described. Inherent 
limitations of accuracy in the measurement of hearing due to the system in use are con- 
sidered. The results may assist in resolving outstanding discrepancies between different 
laboratories in regard to the absolute threshold of hearing, by indicating the relative 
magnitudes of the errors due to various causes. 


I. INTRODUCTION 


THE problems of pure-tone audiometry can be conveniently grouped into three 
distinct phases. The first and most fundamental of these is the determination of the 
absolute threshold of hearing for normal listeners. The second is the transfer of 
this information to the dials of practical audiometers, which we refer to as the 
realization of the audiometric zero. Finally there is the actual technique of hearing- 


loss measurement, which is principally though not exclusively to be thought of in 
terms of clinical application. 

In many respects these aspects of the subject are independent and pose their 
own special problems. Thus, the first two are primarily matters for physical stand- 
ardizing laboratories and the concern is with normal listeners; in the clinical 
situation the normal listener is a rarity, and entirely different questions are involved. 
There is, however, a clear distinction to be made between the first two aspects, 
namely the determination of absolute threshold and its realization as the zero of 
a scale of hearing loss. 

Determination of normal threshold can be regarded purely as a scientific 
enquiry, which brings in its train the problems associated with psychoacoustics 
and research in human biology; these involve physical measurement, selection of 
the quantities most appropriate or amenable to measurement, the statistics of 
biological variation, the effects of psychophysical test methods, perhaps a learning 
factor and, above all, the resolution of the discordant results obtained by different 
workers in various parts of the world. The importance of an internationally agreed 
set of standard values for the normal threshold of hearing, as a step towards inter- 
changeability of clinical information, is widely recognized, and the task of 
formulating such a standard has been undertaken by the Acoustics Committee of 
the International Organization for Standardization (ISO). 

Realization of the audiometric zero, on the other hand, depends to some 
extent on adopting a set of conventions which collectively comprise a system of 
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standardization and calibration. The system in current use is not necessarily the 
only possible system; it has to take into account the present state of the art of 
acoustical measurement. The realization of the zero of the hearing-loss scale involves 
several steps of degradation of the primary threshold data. These steps do not depend 
on particular numerical values for the absolute threshold, and will remain irrespective 
of whether internationally agreed data materialize or not. It is with these steps of 
degradation that the present paper is mainly concerned and an attempt is made to 
give them a quantitative significance. Its purpose is to evaluate the limits of precision 
of pure-tone audiometry, based on the prevailing system of standardization and 
calibration, and to indicate the point at which the quest for higher accuracy becomes 
illusory. Experience of audiometers in practical use suggests that this limit is not 
usually reached 

For the assessment of severe hearing impairment or for screening purposes, no 
great precision may be required. There are, on the other hand, applications where 
accuracy is imperative, and in which errors of a purely physical character must be 
eliminated. The measurement of noise-induced hearing loss is an example, both 
from the industrial angle (since the question of legal liability may arise) and from 
the point of view of scientific research on the problem. It is essential here to chart 
accurately comparatively small changes with the passage of time, and it is highly 
desirable to compare directly the readings obtained with different instruments 
without loss of precision. Further, it is recognized that improved standards of 
calibration can enhance the value of the audiometer as a diagnostic aid to the 
otologist. In this connexion the role of bone-conduction should not be under- 
estimated. At the present time, though some of the necessary background work 
has been completed (notably by Coriiss and 1955, and DaDson et 
1954) and the formulation of national standards is in prospect, it is not possible to 
present a critical assessment of the precision limits as can be done in the case of 
air-conduction. 

With regard to the absolute threshold, activities in many laboratories have 
undoubtedly increased the potential accuracy of pure-tone audiometry in the last 
few years. The classical work of SiviaAn and Wuite (1933) has broadly been endorsed 
by subsequent work, yet considerable uncertainties remain, as is shown by the 
relatively large disparities between the results of later investigations by DADSON 
and KInG (1952), WHeevcer and Dickson (1952), CHAVASse and LEHMANN (1957), 
Gioric et al. (1957), and SHEIVEKHMAN ef a/. (1955). These and other studies, 
notably a joint study by Cook and ALBRITE at the National Bureau of Standards 
and the Walter Reed Military Hospital, Washington, D.C. (not yet published), 
form the material with which the international standardizing committee has to 
work. A critical review of the many factors affecting comparison of these results 
has been given by Davis and Usner (1957). Some of these factors are also consid- 
ered in this paper, and it is hoped that the present work may incidentally be of 
some help in resolving the problem of the absolute threshold. 

The paper also touches on the clinical application of audiometry in so far as 
the reliability of a measurement is affected by the factors which are similarly 
involved in the calibration. With the broader aspects of clinical hearing-loss 
measurement, however, the author makes no claim to deal. 
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2. PRINCIPLES OF REALIZATION OF AUDIOMETRIC ZERO 
From an acoustical standpoint the natural way to express the absolute threshold 
is in terms of sound pressure at some point in the air-conduction pathway of the 
“average” listener. Ideally this would be at the eardrum, but for instrumental 
reasons an anatomically recognizable position in the external meatus is preferable. 
Even then the experimental difficulties are considerable, so that for practical 
purposes it is more convenient to express the threshold in terms of equivalent 


sound pressures in an artificial ear. 


Fic. 1. British Standard artificial ear. coupling for earphones with 

shallow earcaps. coupling for earphones with deep earcaps. 

Alternative positions A" and “B” for probe tube are shown. The dimensions 
are in cm 


It is essential, however, to prescribe particular patterns of earphone and arti- 
ficial ear. The relation between the absolute threshold sound pressure and its 
artificial ear equivalent depends both upon the design of the artificial ear and on 
the type of earphone used in the transfer. In the British system, the artificial ear 
(British STANDARDS INSTITUTION, 1953) is of the type shown in Fig. 1, and the 
earphone is the 4026A pattern. Examples of these are maintained as reference 
standards at the National Physical Laboratory, Teddington. The normal threshold 
and normal equivalent threshold pressures for this combination are given in a 
British Standard (British STANDARDS INSTITUTION, 1954). The numerical values 
are based on the investigations carried out by DApDson and KING (1952) and by 
WHEELER and Dickson (1952). In the U.S.A., normal equivalent threshold values 
are specified (AMERICAN STANDARDS ASSOCIATION, 1951) for the combinations of 
NBS-9A coupler with three patterns of earphone, viz. 705A, PDR-1, and PDR-8; 
the absolute threshold, however, is not given in the Standard. The American 
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Standard is based on a national hearing survey of 1938 by the U.S. Pusitic HEALTH 
DEPARTMENT (1938), and sets the threshold at a level which is now generally recog- 
nized as too high, i.c. the normal listener is credited with a hearing gain. The reason 
for this, as suggested by Glorig ef a/. (1956), may lie in the difference between 
laboratory and mass survey testing conditions. 

The expression “pattern of artificial ear and earphone” has been used. The 
extension from a unique reference earphone to others of the same pattern is permis- 
sible to the extent that different examples are correctly rated by their artificial ear 
response sensitivities, i.e. the relative sensitivities of any pair shall be the same as 
obtained subjectively. The salient characteristics of a given pattern are thus 
constancy of diaphragm impedance and of ear-cap geometry. The electroacoustic 


efficiencies are immaterial. 
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Fic. 2. Variation of sound pressure between positions “A” and “B” in artificial 

ear, under 4026A earphone. Curve (a)—earphone fitted as for “shallow” earcap. 

Curve (b)—earphone seated on continuation of plane of entry of conical cavity. 

Curve (c)—earphone fitted as for deep earcap (normal seating for this type of 
earphone). 


High quality moving-coil earphones are generally found to satisfy the implied 
conditions with reasonable accuracy. By way of illustration Table | shows the 
results for a pair of earphones of the same pattern (PDRI1) each having been 
compared with a British reference earphone (4026A), and the values may be taken 
as typical. In interpreting the table it must be borne in mind that the entries involve 
the errors of subjective calibration twice. As will be seen from results given later 
in the paper, the discrepancies are within the variability of the subjective com- 
parisons. Analogous results have been published by Cor iss and BURKHARD (1953) 
for the PDR-8 and 705-A earphones with the NBS-9A coupler. 

It should not be assumed that similarity of pattern is always guaranteed by the 
manufacturer’s type number, however. For example, errors of 7 dB or more have 
been encountered with some patterns of earphone used on commercial audiometers. 

Similar considerations apply to the artificial ear, but in this case interchange- 
ability is only a matter of specifying sufficiently narrow dimensional tolerances. It 
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is worth noting, however, that the British Standard permits certain variations in 
the construction of the artificial ear. For accurate interpretation of the normal 
equivalent threshold sound pressures (BRITISH STANDARDS INSTITUTION, 1954) the 
form with a single resistance tube and with the probe tube orifice in the entrance 
plane of the cavity (position “‘A’’ of the Standard) must be used. 


3. CALIBRATION OF AUDIOMETERS WITH REFERENCE PATTERN 
EARPHONES 

The procedure for calibrating an audiometer incorporating an earphone of the 
reference pattern is straightforward. The earphone is attached to the standard 
artificial ear and the oscillator and gain controls adjusted so that the earphone 
produces in the artificial ear a sound pressure equal to the normal equivalent 
threshold pressure for the frequency in use. The setting of the attenuator dial for 
this condition becomes the zero of the hearing loss scale for that frequency. 

In this procedure only the repeatability and any systematic errors of a purely 
physical measurement are involved. With reasonable care one can ensure repeat- 
ability with typical earphones on the British artificial ear of about +0-2 dB at low 
and middle frequencies, and +0-7 dB at the high frequencies. A large systematic 
error may be introduced, however, unless the appropriate conditions are observed. 
As an example, Fig. 2 illustrates the difference of sound pressure levels between 
the entrance plane (position ““A’’) and base of the cavity (position “*B’’) in the two 
recognized forms of the British artificial ear. This difference is not uniquely deter- 
mined by the geometry but depends also on the impedance of the sound source. 
Curve c refers to the 4026A type earphone with the correct enclosed air volume. 

To sum up, the calibration of audiometers with reference pattern earphones 
depends only on the measurement of earphone response on an artificial ear. The 
order of accuracy is indicated by the values in Table |; instrumental error of the 
artificial ear measurements can generally be disregarded, provided correct condi- 
tions are observed. 


TABLE |. DISCREPANCY BETWEEN THE RELATIVE SENSITIVITY OF TWO PDRI EARPHONES AS MEASURED 
SUBJECTIVELY AND OBJECTIVELY (ON BRITISH STANDARD ARTIFICIAL EAR) (TO NEAREST 0°5 dB) 


dB dB 


Sf (c/s) 


125 —1-°5 d —10 


250 —40 


500 


The simplicity of the procedure and the comparatively high accuracy are 
strong recommendations for the use wherever possible of the reference pattern 


earphone. 


4. CALIBRATION OF OTHER AUDIOMETERS 
If the earphone is not of the reference pattern, calibration cannot be effected 
objectively. The discrepancy between the relative sensitivity of two earphones as 
determined (a) by artificial ear and (b) by subjective comparison, varies with the 
earphones compared, with the artificial ear, and with the frequency. The order of 
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magnitude is illustrated by some typical results given in Table 2, which refers to 
various earphones each of which was paired with a 4026A, and to two types of 
artificial ear.* The notable feature of the values is their erratic character. This 
arises from the different diaphragm impedances of the various earphones combined 
with a lack of correspondence between the human ear and the artificial ears (both 
as regards impedance and point of effective action). 


TABLE 2. DisCREPANCY BETWEEN RELATIVE CALIBRATION OF EARPHONES ON ARTIFICIAL EAR AND 
ON HUMAN EARS RESPECTIVELY 
Each earphone was compared with a 4026A type, and the human ear calibration was obtained by 
probe tube on about twenty ears. Positive value indicates artificial ear sensitivity greater for test 
earphone relative to human ear than for reference earphone. 


British Standard artificial ear SETED artificial ear 
Frequency 
Si(c/s) Type of earphone Type of earphone 
D87680 2684 4034A 33/525 PDRI DT48 D87680 2684 4034A 33/525 

125 20 -—20 

250 —30 —4-0 0:5 —10 —10 —4°5 —40 —40 

500 —2°5 0 10 10 —10 20 —0°5 0 
1000 2°5 1-5 1-0 2-5 20 1-0 2-0 1-5 0:5 
1500 —1°5 2°5 0 20 2°5 10 —0-5 05 —10 1-0 
2000 —10 20 —1-5 1-0 20 10 —10 id —20 0:5 
3000 —1-5 2°5 —10 —0°5 30 -10 —1°5 20 25 —10 
4000 —10 20 —6°5 0:5 40 —3°5 —1-0 1:5 —70 1-0 
6000 30 —50 
8000 —§8-§ 
10000 0 50 


D87680, PDRI and DT48 are electrodynamic types. 
2684 and 4034A are electromagnetic types 
33/525 ir balanced-armature electromagnetic type 


The design of an artificial ear overcoming these objections would be of consid- 
erable advantage, not only in audiometry, but in other branches of electroacoustics. 
Many tentative solutions of this difficult problem have been proposed but have 
not gained general acceptance. Whilst a definitive artificial ear may eventually be 
devised, it remains necessary for the present to base the general method of audio- 
meter calibration on subjective procedures. These may take the form of loudness 
balancing or of threshold determinations. In either case, a representative group of 
listeners is required. The British Standard (British STANDARDS INSTITUTION, 1958) 
specifics loudness balancing by twenty or more otologically normal listeners. The 
choice of method ought to be governed primarily by reliability; but secondary 
considerations such as experimental convenience and speed of working are also 
important in practice. Doubt has occasionally been raised as to the essential 
equivalence of the two procedures. Results given later in the paper lend no support 
to this, but our preference nevertheless is for the threshold method: amongst 


* Values relating to the SETED (Electrodynamic Working Reference System for Telephone 
Transmission) type artificial ear and some of those relating to the British Standard artificial ear are 
reproduced by courtesy of Messrs. Standard Telephones and Cables Ltd., London, England. 
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other things it automatically tests the normality of hearing of the listeners taking 
part. 


5. CRITERION OF EARPHONE PIT 

An important factor in calibration and in normal use is the fit of the earphone 
on the listener’s ear. The effects of an indifferent fit are threefold: at low frequencies 
leakage of sound may occur between the pinna and the earcap. This is usually 
accompanied by an augmentation of sound at middle frequencies (500-1000 c/s) 
due to resonance of the acoustic inertance of the leakage path with the enclosed 
air volume. At high frequencies the distribution of sound pressure in the enclosure 
becomes sensitive to the geometry and fluctuates considerably unless the earcap is 
attached in a determinate manner. 

The British Standard specifies a force of application of 500 grams weight. The 
order of magnitude of the error incurred by departures from this criterion is illus- 
trated in Fig. 3, in which other factors were held constant and only the force of 
application varied. The principal effect is at the low frequencies. 


—4 


100 200 500 1000 2000 5000 10000 c/s 


Fic. 3. Variation of sound pressure under two earphones with headband force 
(average of 20 ears). Curve (a)—earphone with hard earcap (1000 g wt.). Curve 
(b)—earphone with soft rubberear cap (1000 g wt.). Curve (c)—as (b) (400 g wt.). 
O dB corresponds to 500 g wt. application force in each case. 


For the purpose of a comparative study of human ear and artificial ear responses 
of various earphones, carried out some years ago, the writer adopted a more 
rigorous criterion, namely maximum force consistent with the wearer’s comfort 
plus a positional adjustment to maximize the intensity of a 100 c/s exploring tone 
(observed by probe tube); those who normally wore spectacles removed them. That 
this method provided a closer fit than the 500 gram weight force criterion now 
current is suggested by a comparison of the results with those of DADSON and 
KING (1952) using the force criterion, in both cases for a 4026A earphone. The 
comparison is also interesting from another point of view; apart from a divergence 
at the low frequencies for the reason just given, the two determinations provide 
independent estimates of the relation between normal threshold sound pressure 
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and normal equivalent threshold sound pressure for the combination of British 
reference earphone and British Standard artificial ear.* Figure 4 shows that there 
is reasonable agreement. 

The importance of the earphone fit is apparent from the steps at which it is 
involved: in the fundamental threshold measurements, in the subjective calibration 
of audiometers (here both the audiometer and reference earphones are involved), 
and finally in the normal use of audiometers. 


10 
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Fic. 4. Comparison of determinations of ratio of normal threshold sound 
pressure to normal! equivalent threshold sound pressure for the 4026A earphone 
and British Standard artificial ear. British Standard (BS.2497), 

Author's values (1949). The limits shown are +1 standard error. 


6. LIMIT OF PRECISION IN AUDIOMETER CALIBRATION 

The general method of audiometer calibration by subjective methods requires 
the use of a representative group of listeners, for the reason that individual ears 
vary in impedance and so interact differently with a given earphone. Moreover, the 
interactions differ for different earphones on any given ear. Thus, for given excita- 
tions, earphone A which sounds louder than earphone B to one listener may sound 
less loud to another. 

The paradoxical consequence of this is that a person's hearing loss as deter- 
mined on one audiometer will in general differ from that as measured on another 
equipped with a different earphone pattern even when both instruments are correctly 
calibrated in accordance with the standard procedure. As an illustration, Fig. 5 
shows the writer’s left ear audiogram as measured on two carefully calibrated 
earphones. The statistical analysis of many test results shows that occasional 
deviations in excess of 10 dB can be expected. These values provide a guide to the 
accuracy with which it is meaningful to calibrate an audiometer. In principle the 
dispersion would become vanishingly small for earphones of sufficiently low 
diaphragm impedance, but it is found in practice that the values do not vary greatly 


* The measurements by Dapson and KiNG (1952) are presented in Fig. 4 in the form given 
in the Brirish STANDARD (1954). The author's values have been corrected to correspond to the 
coupling volume now standardized for this combination (not in force in 1949), and are repro- 
duced by courtesy of Messrs. Standard Telephones and Cables Ltd., London, England. 
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as between patterns in general use. This and other variability factors in the cali- 
bration and use of audiometers are considered in Sections 9-11. 


10 


10 


12 100 200 500 1000 2000 5000 10000 c/s 
DI. Fic. 5. Typical audiograms (DWR left ear) obtained on two calibrated earphones 
59/60 of different pattern. ———— 4026A — — — — DT-48. 


7. LOUDNESS BALANCING BY THE REVERSAL METHOD 

The procedure in the reversal method is to balance the loudness of earphone A 
on the left ear against earphone B on the right ear and vice versa. The mean ratio 
of the voltage excitations for the two conditions is taken as the observer’s estimate 
of the relative subjective sensitivity of the two earphones. The validity of the 
averaging process is obvious if the observer’s two ears are identical, but as this is 
not generally the case it is interesting to examine the principle. 

We define S4 and S* as the mean subjective sensitivities of the two earphones, 
and introduce terms ;«;4, ;¢,4 representing the interaction of earphone A on the 
left and right ears of the i-th observer (similarly ;«;", ;¢-”), so that (S+«) represents 
the sound pressure level in any given ear. 


By definition, €4 = €4 = € = €,8 = 0. 


Let ;V;® and ;V,“ be the voltage excitations (in dB relative to the constant voltage 
excitation of the reference earphone A) which produce the same loudness as the 
reference earphone when the test earphone (B) is respectively on the left and right 
ear of the i-th observer. Let ; f(L) and ; f(L) be functions relating the loudness 
sensation for the i-th observer due to left and right monaural stimulation by a 
sound pressure level L respectively. The two loudness balances for the i-th observer 
are thus expressed by: 

ifr S4+cer4) = + \ (i) 

1 

S4+ 414) + + J 


Provided each f/(L) is of the form exp «(L+ ) where the « and £ are constant 
parameters, the equations may be written in terms of the sensitivity difference: 


the parameters ;8; and ;8, teing eliminated. 
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The reversal method depends on the sensitivity difference being obtained 
explicitly from the two voltage levels, which requires that ya; = «a,; we then have: 


(S4—S4%) + — + 16-4 — — (113) 


whence, averaging over the group: S®’—S4 = (—4)(v;®+P,*), the other terms 
vanishing. Thus the validity of the method depends on the following conditions: 


(i) the dependence of loudness on sound pressure level must be exponential; 
(ii) the exponent must be the same for both ears; 
(i) simple sensitivity difference between left and right ear is immaterial; 
(iv) the loudness function need not be the same for different listeners. 


These correspond closely to the characteristics of normal hearing. (i) is familiar 
as the relation between loudness in sones and sound pressure level, in which, 
except for very low frequencies, the exponent for the median listener is (In 2)/10. 
(11) excludes cases of unilateral loudness recruitment. 


8. LOUDNESS BALANCING BY THE TRANSFER METHOD 

In this methed the reference and test earphones are separately matched for 
loudness against a third earphone, the first two being placed in turn on one ear, 
and the third (or transfer) earphone maintained on the opposite ear with a constant 
excitation. The relative sensitivity is obtained directly from the respective excitations 
of the reference and test earphones in the two balances. The directness of the method 
is apparently to its advantage. However, when exchanging the reference and test 
earphones, it is difficult in practice to avoid distur bing the transfer earphone. The 
variance due to successive replacements of an earphone on an ear is estimated in 
the following section from statistical analyses; we will here remark only that it is 
large enough to nullify the advantage of the transfer method 

Moreover the transfer method requires twice the time of the reversal method 
to test the same group of ears, owing to the fact that it provides a redundant 
reversal calibration for the transfer carphone. This may, however, be turned to 
edvantage when one has two earphones to be calibrated. By treating each in turn 
as the transfer earphone, both may be calibrated by both methods for 50 per cent 
more exper:mental time than that required to calibrate either. f 

A free field instead of a transfer earphone would eliminate the oojection of a 
possible change in the transfer sound between the two parts of the test. The experi- 
mental complication of setting up a suitable free sound field is, however, prohibi- 


tive when a wide range of frequencies is to be covered. 


9. VARIABILITY FACTORS IN LOUDNESS BALANCING 


9.1 Experimental results 


To estimate quantitatively the various identifiable components of variance in 
lcudness balancing, the results, for groups of about twenty listeners, of reversal 
calibrations carried out under differing conditions have been analysed statistically. 
In each case the reference earphone (4026A) was energized at a constant level 
producing 40-50 phons, and the level at the test earphone was adjusted by the 
listeners using an attenuator with | dB steps and a range of some 60 dB, at 11 
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frequencies from 125 to 10,000 c/s. The salient features of the test conditions are 
outlined below. 

Series 1. The experimenter introduced random settings of a “bias” gain control 
in tandem with the listeners’ own attenuator; three balances were completed as a 
set before changing frequency. 

Series 11. The procedure was similar except for the order of tests. Here one 
balance was made at each frequency, and the entire set then repeated in the same 
order. The headband assembly was undisturbed throughout the test period (about 
50 minutes). The listeners were different from those in Series I. Anticipating the 
results given later, it was found that corresponding balances, being this time 
separated by about 25 minutes devoted to other tasks, had no effect on the repeat- 
ability. 

Series Ill. A third group of twenty listeners repeated the calibration of an 
earphone after an interval of several months. The mean values of the two cali- 
brations were in good agreement, the mean absolute deviation being 1-1 dB and 
the largest 2-5 dB. 

Series IV. Another group of listeners compared each of three similar earphones 
with the reference earphone. The three test phones were closely matched by objec- 
tive calibration; apart therefore from small differences of sensitivity which are in 
any case eliminated in the factorial statistical analysis, the series can be regarded 
as three replications of the calibration of a single earphone. 


9.2 Statistical analysis 

The method of statistical analysis is illustrated by rewriting the equations of 
Section 7 and introducing terms representing the identifiable error components. 
The first part of the reversal calibration is thus symbolized by: 


SA— SB = + (cer? — + Pr) + (A — 3. (iv) 


The equation for the second part is the same except for interchange of the sub- 
scripts / and r. Here A, is the uncertainty of sound pressure level arising from 
removal and replacement of a given earphone on a given ear, and A; is the uncert- 
ainty of the subjective judgment. Instrumental and meter reading errors may be 
omitted as they are known a priori to be insignificant in relation to the main compo- 
nents of variance. The existence of the other terms has of course to be tested 


statistically. 

Analysis of the results in terms.of the values of V defined by equation (iv) 
showed that in almost all cases the. major part of the variance arose from the 
terms (8;—8,). Regarding listeners and handedness as the main effects in a factorial 
design, these terms appear as interaction. The interpretation is that the interaural 
sensitivity difference varies widely between listeners.* The main effect due to 
handedness was in every case non-significant, meaning that there is no systematic 
anatomical asymmetry. A corollary of this is that correct calibration is obtainable 
from single-sided loudness balances, but only at the expense of increasing the 
number of listeners. 


* The distribution of the interaural sensitivity differences has an important bearing on the 
relation between monaural and binaural thresholds which will be considered in another paper. 
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In order to estimate the variance between observers (otherwise masked by the 
interaction variance), the interaural difference terms are eliminated by first averag- 
ing the left- and right-handed results for each listener, thus forming a table of 
values of 4(V;"+V,") with replication, and then calculating the variance between 
and within listeners. The equation defining the estimates of relative sensitivity of 
the earphones is then: 


+hApr—A pr—A part (v) 


in which the single and double primes refer to the two parts of the comparison. 
The variance of 4(V;"+ V,*) is compounded of the variance of the expressions in 
«, A, and A,. The values of « are peculiar to the various earphone/listener combin- 
ations and will be regarded as a homogeneous variate. It has already been pointed 
out that earphones of zero source impedance would reduce the interobserver 
variance to zero. Symbolically, each «4 would be identical with the corresponding 
«®, in which case the second member of the right hand of equation (v) vanishes. 
Whilst it is not rigorous to regard the e's as a homogeneous population, therefore, 
the experimental results show a considerable uniformity for comparisons between 
several different earphones, and the assumption appears to be justified for the 
electrodynamic earphones widely used in audiometry. We shall regard the values 
of A, and A; as random variates with means zero and independent. The contribu- 
tion of these terms to the variance in equation (v) is thus cp*+40,;*, where cp and 
a; are the standard deviations of the A, and A, respectively. As with the «-values 
it is reasonable to assume that the distribution of A, is to a first approximation 
independent of the earphone type. Possibly with more experimental data some 
distinction could be made, for example, between earphones with soft rubber and 
hard earcaps. The present results already show, however, that no more than a 
marginal advantage is to be gained from such distinctions. 

Turning next to the variance between observers, there are grounds for expecting 
correlation between the «-terms for each observer. Thus anatomical similarity is 
more to be expected between the left and right ears of one listener than between 
ears of different listeners (we are speaking here of similarities affecting «, viz. 
impedance and geometry—not of auditory acuity). Similarly there will tend to be 
correlation between the effects of different earphones on a given ear; for example, 
if the ear is larger than average the sound pressure will tend to be lower than 
average whichever earphone is operating. Expressing these constraints by correla- 
tion coefficients r and r’ respectively, the component of variance due to the four 
«-terms in equation (v) becomes 


op? = 


where c, is the standard deviation of «. 

Analysis of the experimental values in terms of equation (v) leads to a different 
partition of the total variance according to the differing experimental conditions. 
Thus in Series I and Il the variance within listeners estimates only the subjective 
uncertainty, since the other factors remained unchanged between the replications. 
The variance within listeners for Series II] and IV on the other hand includes the 
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contribution due to disturbing the earphones on the ears, viz. cp”, as shown in 
Table 3. 


TABLE 3. PARTITION OF VARIANCE BETWEEN AND WITHIN LISTENERS 


Terms comprising the components of variance 


Experimental, 
Between listeners Within listeners 


+ oy? 


Numerical values are given in Table 4 from the analyses in terms of equations 
(iv) and (v). Comparing these equations it would be expected that the residual 
variances would be in the ratio of 2 to 1, and this is well borne out by the values, 
the mean ratio for the four series and the 11 frequencies being 2-1 to 1. The values 
entered as residual variances correspond to the half-value and are based on an 
average from both forms of analysis. 

Bearing in mind that the experiments were carried out by different groups of 
listeners, the variance components show a marked uniformity. To give this formal 
expression we applied Bartlett’s test for the comparison of variances, in sets of four, 
where these would be expected to conform, viz. total and listeners x handedness 
interaction (o,#”). With the single exception of the total variance in 4(V;"+ V,*) 
at 125 c/s, none of these tests showed any significant difference between the four 
estimates. Considering next the residual error variances, F-tests applied to corres- 
ponding estimates from Series I and II showed that these are significantly similar 
at each frequency; likewise for Series III and IV. The latter, however, differ highly 
significantly from the error variances in Series I and II, which is consistent with the 
interpretation given in Table 3. We are therefore justified in estimating cp? by 
subtraction, although the reliability of the estimates so formed is necessarily less 
than that of the components from which they are derived. Two different estimates 
can be made, from the within-listeners and the between-listeners variances respec- 
tively, and the mean of these is given in the table. 

The table also shows a direct estimate of cp? from repeated probe tube measure- 
ments on a group of twenty ears. These values are in most cases significantly greater 
than the estimates from loudness balancing.* At low frequencies they even exceed 
the total variance in loudness balancing. The repeatability of probe tube measure- 
ments is apparently affected by some adverse factor, which in turn has a reper- 
cussion on the interpretation of absolute thresholds of hearing expressed in terms 
of ear canal pressures. A possible contributory factor is that the wearing of a 
microphone harness results in some uncertainty in the fit of the earphones. 

Analysis of the probe tube measurements provided also a direct estimate of 
c,2, shown in Table 4. Comparing the values with the adjacent column, giving the 
mean estimate of o,2 derived from the four loudness balance experiments, it is 
necessary to conclude that r’ is fairly large and positive. Data are unfortunately 


* Some discrepancy is to be expected at the higher frequencies owing to the small diameter 
of the probe. This has the effect of making the probe tube response critically dependent on position. 
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not available for probe tube measurements in pairs of ears and under pairs of 
earphones from which direct estimates of the correlation coefficients r and r’ could 
be obtained. 


Tas_e 4. COMPONENTS OF VARIANCE (dB*) 


Between listeners Within listeners Total variance of 4(V;" + V,®) 
Frequency + $o;* + + op? + 
(cs) 
I Il il IV I Il ll IV I Il Ill IV Avrg. 

125 34 7 3 2 15 37 8 20 17 21 
250 20 7 ° s 2 2 15 10 22 9 16 18 16 
500 16 4 8 ° 2 2 5 x 18 6 12 8 1! 
1000 5 4 3 4 3 4 12 5 7 S 14 & 9 
1500 3 10 3 3 3 6 6 13 9 
2000 4 3 3 3 6 6 9 7 & 
3000 8 7 § ° 2 3 10 7 10 10 14 S 10 
4000 11 1! 5 ° 3 4 10 13 15 15 15 15 15 
6000 24 19 15 15 3 4 15 24 27 24 29 39 30 
8000 53 18 20 7 2 4 18 20 55 22 38 27 35 
10000 8 26 8 ° 3 4 i8 24 11 3 25 24 23 

Estimates of components 

Interaction Total variance of Vt of variance 
Fre- op" 

quency I IV Avrg. IV Avrg. of on? 
ic (1) (11) (il) (iv) 
125 7 8 47 19 32 35 32 5 11 76 83 
250 613 12 3424 35 31 4 59 6 108 
500 7\|% 5 18 10 27 #18 21 33 25 4 4 26 7 55 
1000 9 15 ° 11 11 18 26 31 23 25 6 3 8 2 6 
1500 22 12 #19 18 18 32 28 % 33 32 6 4 3 3 11 
2000 iS 12 24 2@ 18 26 20 42 32 30 6 4 6 20 
3000 14 14 #15 30 18 26 26 39 44 34 5 5 13 4 7 
4000 24 #14 #19 «2! 20 42 3% 4 47 41 7 8 14 4 10 
6000 31 45 «+19 «38 33 62 73 63 101 74 7 12 31 12 55 
8000 $7 65 35 67 56 114 92 91 113 102 6 19 37 15 79 
32. 32 37 52 81 74 80 72 7 14 77 5 156 


10000 39 «47 


1, 11, 11, IV refer to the four series of experiments respectively. 
(i) Mean estimate from between-listeners and within-listeners variances 


(ii) Probe tube 
(iii) Mean estimate from loudness balances 


(iv) Probe tube 

The term o;2 represents the listeners’ discrimination of just noticeable differ- 
ences of intensity. In alternate monaural loudness balancing, discrimination is 
impaired by localization, diplacusis, and in some cases by an elusive difference of 


* Not significant by /-test 
+ The variance of V is (1 + +2ep* + where is the correlation Coefficient 


between the terms «,” and «-“ (or «4 and «¢*). r” is not completely determined in terms of r and 
r’, but lies in the range rr’ + (1 —r*)(1 —r"®)}*. After deducting o*z from the total variance of V, 
the remainder is small compared with ¢,*, indicating that r” is significantly positive, consistent 
with r’ large and positive, as already shown 
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tonal quality between the sounds produced by different earphones. This may be in 
the nature of a subjective phenomenon, or possibly, as suggested by Harris (1956) 
due to bone-conduction. 


10. THRESHOLD METHOD OF AUDIOMETER CALIBRATION 

Since the object of the audiometer is ultimately to determine thresholds of 
hearing there is a prima facie case for calibrating it in the same way. There have 
been reports that calibration by loudness balance does not necessarily lead to 
consistent threshold excitations. Whilst this would reinforce the argument for 
threshold calibration we are bound to report that we have found no evidence to 
support it. The result of a typical calibration carried out by both methods by the 
same group of listeners is shown in Table 5. 

The case for the method depends on circumstances. Where the facilities are 
good for minimum audibility determinations, there is in our view a number of 
advantages. The task of the listener is more positive and avoids extraneous psycho- 
physical influences which can affect loudness balances by the method of adjustment. 
Loudness balancing by forced choice would be preferable but requires a dispro- 
portionate amount of time. The threshold method places the control of the test 
more in the hands of the experimenter, and it can generally be completed more 
quickly. 

A systematic comparison was made between the two methods to ascertain 
whether these generalizations would be corroborated or offset by the variability of 
the results. The same listeners and earphones as in Series II of the loudness tests 
were employed for the purpose. Thresholds were determined for each of forty ears 
using the procedure described by DADSON and KING (1952). Repeat measurements 
were also carried out on one of the earphones after a lapse of time. 

With the same notation as before, except that V now denotes the voltage 
excitation at threshold, and A; represents the uncertainty of the threshold level, 
the equation defining the i-th observer's left-ear estimate of the earphone sensi- 
tivity difference becomes: 

SA—S8 +(A1—A2). (vi) 
TABLE 5. DIFFERENCE BETWEEN THE RELATIVE SENSITIVITY OF TWO EARPHONES AS 


DETERMINED BY THE THRESHOLD METHOD AND BY THE REVERSAL METHOD OF LOUDNESS 
BALANCING RESPECTIVELY (TO NEAREST 0-5 dB) 


dB Sic/s) 
“5 6000 
250 0:5 2000 —0-5 8000 —30 
5 10000 0 


After taking the average of the left and right ear values for each listener, the 
variance of the sensitivity difference is o,2+cp?+ 72, where o,” and cp” have the 
same meaning as in Section 9, and «;? is the variance of A;. Estimates of o;2 were 
made both from repeated threshold measurements taken during the same test 
session without the earphones being disturbed, and also from the range of uncer- 


tainty on the test records using a form of probit analysis. 
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Numerical values of the components of variance are given in Table 6. Compari- 
son with the loudness balances (Series Il) shows that there is no significant differ- 
ence in the variance component due to differences between listeners and to 
replacement of earphones o,2+,*. The subjective uncertainty contributes only a 
small part of the total variance in either method. We conclude that there is no 
argument for or against the loudness balance or threshold methods on grounds of 
reliability of the measurements. 


TABLE 6. COMPONENTS OF VARIANCE IN THRESHOLD METHOD OF AUDIOMETER CALIBRATION (dB?) 


fic/s) or? op? + Total f(c/s) + ap” Total 
125 3 11 14 4000 2 11 13 
250 3 11 14 6000 3 31 34 
500 3 7] 12 8000 3 30 33 
1000 2 5 7 10000 3 32 35 
2000 2 5 7 


11. ERRORS IN DETERMINATION OF HEARING LOSS 

The preceding sections provide the information necessary to calibrate an 
audiometer to any desired degree of precision (subject, of course, to the limitations 
of any statistically based procedure that the result may be in error now and again). 
Certain components of variability can be reduced by repeating the measurements, 
namely the effects of earphone replacement, and the subjective uncertainties. The 
variance between listeners, however, is ineradicable. 

Since the subjective uncertainty forms the minor part of the random error it is 
uneconomic for calibration purposes to proceed on the lines of our experimental 
Series I and II. The variance due to earphone replacement, however, is comparable 
to the interobserver component. For a reversal calibration repeated m times by n 
listeners, the standard error will be: 


which, for large m, has an ultimate minimum of (¢,2/n)'?. In practice the total 
number of observations mn is usually the limiting factor, and the standard error 
then has its least value when m = 1, i.e. when each listener contributes one 
estimate only. Reduction of the error variance thus depends on reducing the intrin- 
sic value of op*, but it is doubtful whether this could be done without a radical 
departure from the use of external earphones. If it is impracticable to reduce the 
error due to earphone placement, it is at least important that it should not be 
permitted to increase. The data in this paper were obtained with a careful observ- 
ance of the 500 gram weight headband force criterion. The figures suggest that this 
is a Minimum requirement for repeatability. 

Using twenty listeners as recommended in the British Standard, the standard 
error of a typical subjective calibration is of the order 0-7 dB for middle and 
1-0 dB for low and high frequencies. 

As has been shown, the accuracy of a calibration is favoured by the partial 
cancellation of certain correlated terms. This factor, however, does not operate 
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in the measurement of the hearing loss of a single ear; each of the sources of 
variability is then effective in full. 

From the point of view of repeatability only, a determination of hearing loss of 
a given ear using a given audiometer is subject to the variance op2+ o;2 to which 
must be added the effect, if any, of fluctuations of auditory acuity over a period of 
time. Some experimental data on the latter point are given below. 

However, a hearing loss is generally interpreted as an absolute measure, and in 
this case the uncertainty is increased. Here we must digress to consider what is 
meant by the term hearing loss. As normally understood it is the ratio of threshold 
voltage excitation of the audiometer earphone for the ear in question to that of the 
mean normal ear. Quite apart from any impairment of the auditory processes a 
hearing loss in this sense includes the effect of geometrical dissimilarity between 
the individual ear and the average ear, i.e. «. An alternative measure of hearing loss 
defined as the ratio of threshold sound pressures for the individual ear to that for 
the mean normal ear would be fundamentally more appropriate, as it would more 
closely reflect the acuity of the listener’s hearing. Except for the complicating 
factor of binaural listening, this definition is observed (at any rate for low fre- 
quencies) in the determination of minimum audible field values. It would be ex- 
pected therefore that the dispersion of threshold levels in terms of the voltage 
excitation of an earphone would exceed that of the threshold sound pressure levels 
in M.A.F. measurements. This is to some extent borne out by a comparison of the 
total variance in parallel determinations of M.A.P. (earphone) by DApDsoN and 
KinG (1952) and of M.A.F. (free-field) by RoBinson and DApDsON (1956) with 
groups of 100 or more subjects. 

To put the argument crudely, an ear may exhibit a hearing loss (in the usual 
sense of the term) merely because the external meatus is large in volume. When 
interpreting an audiogram therefore there will be uncertainty as to the true state 
of hearing both from this cause and from errors of measurement. The combined 
uncertainty is expressed by the variance o,2+c»?+ ;*.* Bearing in mind that the 
estimates of c,2 in Table 4 may be inflated at the extreme frequencies, the estimated 
standard deviation due to these combined effects is probably in the region of 8, 6, 
10 dB for low, middle and high frequencies respectively. Thus the true hearing 
loss may depart from the measured value by as much as 12 dB at middle frequencies 
in a small proportion of cases, and can be expected to deviate by about 5 dB 
(i.e. o(2/7)!/*) in absolute magnitude. This represents one step on the attenuator 
dial of most audiometers. 

For special studies, such as temporary threshold shift or impairment due to 
prolonged noise, uncertainties of 5 or more dB must be considered large. Fortu- 
nately, in tracing the course of hearing loss for a given person, the variance due to 
€ is inoperative provided the same or a similar audiometer is used throughout, and 
this reduces the uncertainty considerably. The figures suggest that a value accurate 
to 2 dB may be obtained from the average of two or three determinations at each 
time, at least for the middle frequency range. 

As regards the comparison of results on two different instruments, the variance 
of the difference is given by 2{(1—r')o,2+op?+ 07} assuming that calibration 

* Under laboratory conditions, the value of «2 has not been found to diminish with prac- 
tice. It is not unlikely, however, that a larger uncertainty may occur under clinical conditions. 
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errors are negligible. The expected value of the difference, calculated from this 
expression, is estimated to be of the order 5, 3-5 and 7 dB for low, middle and high 
frequencies respectively. The contribution due to o,* and o can, of course, be 
reduced by repeating the comparison. The residual uncertainty due to the first 
term of the expression, however, remains. An illustration of this residual discrep- 
ancy between the hearing losses of an ear measured by two audiometers has been 
given in Fig. 5. 

Reference has already been made to another factor, namely fluctuation of 
auditory acuity over periods of time, which tends to increase the uncertainty of a 
single audiometric measurement. To investigate this point, repeated threshold 
determinations have been carried out on a group of normal listeners under con- 
trolled experimental conditions. Left ears were measured three times at intervals 
of one month, and right ears twice at an interval of two months. The estimated 
error variance in the right and left ear experiments (considered separately) were 
similar, as shown in Table 7. The threshold shifts over the two month period 
showed some correlation* as between left and right; this would be expected due to 
factors such as general health. In general, however, a random character predom- 
inated. Comparison of the error variances with values of (o)*+ o;") estimated in 
Tables 4 and 6 shows rather conclusively that inherent fluctuations of auditory 
acuity are statistically non-existent, i.e. the variability is wholly accounted for by 
the acoustical and subjective uncertainty factors in the threshold tests. 

An analogous study has been reported by BROWN (1948) in which only an hour 
elapsed between repeated measurements and only 4 of the 30 listeners were of 
normal hearing. In spite of the differing conditions in the two studies the results 
are comparable. BRowN’s results for standard deviation of the change of hearing 
loss are included, with appropriate adjustment, in Table 7. 


TABLE 7. EkKROR VARIANCE IN REPEATED THRESHOLD DETERMINATIONS UNDER CONSTANT EXPERI- 
MENTAL CONDITIONS 


Left ears (3 Right ears (2 Brown 
fic/s) determinations) determinations) Mean + (Experiment ITI) 
125 18 15 17 14 17 
250 11 8 10 12 14 
500 9 7 9 
1000 6 13 9 5 17 
2000 6 4 5 6 10 
4000 4 7 5 10 14 
6000 18 32 22 15 
8000 29 33 31 22 25 
10000 20 22 21 17 


* From Tables 4 and 6 


12. CONCLUSIONS 
(1) National standards in audiometry are based on storing the normal minimum 
audible sound pressures in the form of equivalent sound pressures produced by a 
reference pattern earphone in a standard artificial ear. 
+ The correlation coefficients were not significant for any frequency taken singly, but could 
be so regarded considering the audiograms as a whole (r = 0-35, DF 198). 
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(ii) Within such a system the most accurate calibration of an audiometer, and 
also the simplest, is obtained when the audiometer also employs the reference 
pattern of earphone. Calibration accuracy is then limited only by physical measure- 
ments and by the assumption of pattern similarity of the earphones, and is typically 
1 dB, except at extreme frequencies. 

(iii) For the calibration of other audiometers, or for the comparison of national 
standards embodying different patterns of earphone, a subjective method is neces- 
sary. This is due to the limitations of artificial ears at present in use, and to the 
fact that the alternative method of transfer by probe tube sound pressure measure- 
ment cannot always be adapted to the earphones in question and in any case 
introduces technical difficulties which result in relatively large uncertainties. 

(iv) Subjective comparisons, whether by the loudness balance or minimum 
audibility method, exhibit similar variability between listeners; when suitably 
quiet conditions are available there are some practical advantages in the latter 
method. 

(v) The principal components of variability are due to the varying interactions 
between earphones and ears with different acoustical properties, to the uncertainties 
of sound pressure under a given earphone due to positional adjustments and to the 
force of the headband, and to the uncertainty of subjective judgment. The last- 
mentioned is comparatively unimportant, and it is concluded that one judgment 
per listener is the most economical principle in calibration. Variability due to 
earphone position is a major factor and should be closely controlled, both in 
calibration and in actual use of audiometers. The standard error of a typical calibra- 
tion by twenty listeners is about 0-7 dB at middle frequencies. 

(vi) In the normal use of audiometers each source of variability operates 
independently and in full. The expected absolute value of the uncertainty of a 
single hearing loss measurement is estimated at about 5 dB at middle frequencies 
but this can be significantly reduced by repeating the measurement if the earphone 
is removed and replaced each time. 

(vii) As a consequence of the principle of standardization at present in use, 
there is in general a discrepancy between the apparent hearing loss values of a given 
ear as determined on different patterns of audiometer. This persists even when 
the audiometers are correctly calibrated, and is due to the calibration system being 
based on the “average” ear. Elimination of this source of uncertainty, which is 
estimated to amount to some 3-5 dB for typical earphones at middle frequencies, 
would require a procedure based on ear canal pressures. Present probe tube tech- 
niques are not suitable for this purpose, and far from providing a better basis for 
threshold transfer, the probe tube method introduces relatively large uncertainties, 
as compared with the subjective methods. 

(viii) Experiments carried out on a limited scale suggest that the auditory 
acuity of normal listeners is itself more constant over a period of the order of 
1-2 months than is its measurement by conventional pure-tone audiometry. This 


fact justifies the search for more precise methods of measurement. 
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A PERSONAL AIR SAMPLER 


R. J. SHERwoop and D. M. S. GREENHALGH 


Health Physics Division, A.E.R.E., Harwell, Didcot, Berks. 
(Received 21 July 1959) 


INTRODUCTION 
THE determination of concentrations of dust and vapour in air is generally recog- 
nized as the most important single method for controlling the hazards of exposure 
to toxic substances. Air sampling is undertaken routinely in sections of three power 
producing industries—coal, oil and atomic energy—and in many other industries 
throughout the world. 

Under most circumstances the hazard from inhalation of dust arises from long- 
term exposure, and requires estimation of the environmental conditions over a 
long period. Even when short-term hazards may exist, as from beryllium, cadmium 
and lead, the need to limit exposure over a long period may prove more restrictive. 

Except in conditions immediately following an accident when dust concentra- 
tions may be very high, the exposure of persons to the risk of inhalation of radio- 
active substances may be assessed and controlled on a long-term basis. The maxi- 
mum permissible concentrations recommended by the INTERNATIONAL COMMIS- 
SION ON RADIOLOGICAL PROTECTION (1954) are considered to be safe if inhaled 
continuously throughout a person's lifetime. The Commission explicitly states ““No 
particular harm is to be expected if these values are exceeded for a short period of 
time—a few weeks—and no readily detectable biological damage is expected to 
result if the average body burden or the average maximum permissible concentration 
values over a long period of time do not exceed these values’’. 

To assess the average concentration of radioactive dust to which workers are 
exposed it is not uncommon to take samples throughout the working week at 
fixed points in the operating areas. This method can yield reliable information 
where the air flow pattern is well established and the source of contamination is in 
a fixed place, but it is sometimes necessary to determine the exposure of workers 
who are engaged in a number of operations or working in a variety of places. 
Under these conditions, air sampling at fixed points can give little indication of 
true exposure as the radioactive dust may have been considerably diluted, between 
a worker's breathing zone and the sample point; the cloud may never even reach 
the latter. 

To overcome this difficulty where routine operations are undertaken, it has been 
the general practice to study the processes and build up an exposure assessment 
from a series of short duration samples covering individual operations (KLEVIN 
and Harris, 1955). Although this method has the merit of identifying the source 
of contamination, it is laborious and time consuming, and obviously unsuitable 
for conditions prevailing in research work where repetitive operations may be 
infrequent. 
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The high power-requirement of most long-term samplers has in the past made 
them dependent on some external power source, such as electrical mains or com- 
pressed air supply. Although a selection of portable samplers ts available at present, 
they cither sample very small volumes of air (as with P.R.U. and D.S.LR. hand 
pumps (WaTsoON and Hounam, 1948; H.M.S.O. Booklets), konimeter (FLUGGE DE 
Smipt. 1927). the Owens jet (Owens, 1923), and the Bausch and Lomb dust 
counters (GURNEY er a/., 1938), and the thermal precipitator (WATSON, 1936-37)), 
or are rather bulky for personal use (trinitrotoluene sampler (MACKAY ef al., 1958), 
compressed air cylinder (HOUNAM, 1956), midget impinger (LITTLEFIELD ef al., 
1937), and multi-purpose air sampler (EARBART, 1958)). With the possible excep- 
tion of the Freon powered portable sampler (CHaRSHA and Linc, 1957), none of 
this equipment is suitable for collecting throughout the working week a breathing 
zone sample of adequate volume for chemical or radioactive assessment. 

The personal air sampler has been developed to permit more precise assessment 
of the average air concentration to which individuals are exposed, and its use Is 
directly analogous to that of the radiation film badge used to record an individual's 
exposure to external radiation. Personal air samplers are used at present to investi- 
gate the value of installed samplers; in their present form they are probably unsuit- 
able for routine assessment of the exposure of large numbers of people. 


DESIGN REQUIREMENT 

The design requirement has been to determine during a week's use an average 
level of one tenth of the maximum permissible concentration of the most toxic 
radioactive substance in existence. The lowest permissible concentration is that for 
plutonium2*® which for long-term weekly exposure of 40 hours is 6x 10°-!? yc/cm® 
(INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1954). This has been 
considered to require a minimum sample volume of one cubic metre, as a sample 
at one-tenth this concentration would yield a count of about 300 overnight at the 
30 per cent efficiency of a standard «-scintillation counter, against a possible 
background count of about 30. The standard deviation at this level is thus less 
than 10 per cent. To meet this volumetric requirement in a 40-hour working week 


a flow rate of 400 cm*/min is necessary. 


CONSTRUCTION 

The sampler consists of a 6-volt Staar-Kinder constant speed motor®”* driving 
a simple diaphragm pump at about 1700 r.p.m. The motor was chosen for its low 
current consumption (21 mA on no load) and for its compactness and ease of 
mounting. The manufacturers claim that the speed of a particular motor remains 
constant within +2 per cent so long as the applied voltage is between 4-8 and 7°5. 

A diaphragm pump of the simple form shown in Figs. | and 2 was chosen as 
the most suitable for laboratory construction. To achieve a high mechanical 
efficiency it was found necessary to use a flexible Fluon (polytetrafluoroethylene) 
diaphragm rigidly secured on its circumference, but loosely fitted to the recipro- 
cating parts at its centre. Thicker Fluon washers are fitted on either side of the 
diaphragm to strengthen it, and to reduce frictional losses and air leakage. The 
valves consist of small squares of aluminized Melinex film®) attached to the 


* For suppliers of components see list at end of paper. 
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Perspex head by adhesive tape. The weight of the reciprocating parts has been kept 
to a minimum and a Fluon bearing reduces friction on the crank pin. 
Performance characteristics of the sampling unit are shown in Fig. 3, together 
with the resistance characteristic of some sampling papers of the type and size 
used with the unit. Under the smoke and inert dust loadings encountered at 
A.E.R.E. the sampling rate remains effectively constant for any paper used for a 
week’s operation. A few units have now been in use for over twelve months and 
have maintained a satisfactory performance without requiring attention. 


MOTOR OUTLET VALVE 
INLET VALVE 


SLACK FIT 
FLUON BEARING 
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STEEL NEEDLE 0-035" DIA 
STROKE 
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2 FLUON WASHERS \_ ROD O-O!" ALUMINIUM 
© THICK 


0004" FLUON / 
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Fic. 2. Diagram of pump unit. 


The pump unit has been fitted in two types of personal sampler, a Mk. I de- 
signed for utmost lightness and compactness, and a more recent Mk. II which 
incorporates a running-time indicator and greater battery capacity (Fig. 4). 

For the Mk. I unit the pump is fitted in a commonly used bicycle lamp case 
which has had the bulb and reflector mount removed, the complete unit weighing 
1 lb. Power is supplied from 5 Mallory“ mercury type RM.3R_ batteries, which 
are mounted in series in a light cardboard tube. The batteries have an operating 
life of about 30 hours, which is found adequate for a normal week’s use in 
laboratories. 

The complete unit, which may be worn in the pocket of a laboratory coat or 
hip pocket of trousers, is connected to the sampling head by a length of flexible 
tubing. The head is constructed from components of a Plessey® outlet fitting for a 
cable assembly, and supports a filter paper or membrane filter of 1-5 cm effective 
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diameter; it may be secured through a button hole, or attached to clothing by 
adhesive tape or a safety pin. 

The Mk. II unit uses the same pump and sampling head as the Mk. I, but is 
built into a larger case which contains a timing device, and 4 Mallory batteries, — 
type RM.12R, in series, which give an operational life of 100 hours. Ql 
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Fic. 3. Performance of personal air sampler. 


As the flow rate remains reasonably constant throughout the working week 
the volume of air sampled can most accurately be determined from the sampling 
time. This is measured by means of a 6-volt car clock movement) which takes a 
mean current of only |-5 mA and is operated in parallel with the pump. The 
hour-hand gear train of the clock mechanism has been modified to give | revolution 
in 48 hours so as to avoid ambiguity in reading. 

The unit is rather more bulky than the Mk. I and, as it weighs 2 Ib, is more 
conveniently carried in a PVC pouch on a belt (see Fig. 4). 


SOME RESULTS 

The results achieved to date with the personal sampler suggest that over a 
period of months installed samplers can give a reasonable indication of exposure 
of staff working in their vicinity. 

A personal air sampler has been worn for a period of nine months in an area 
containing many glove boxes where the ventilation pattern is necessarily complex. 
In Fig. 5 the average concentration determined by the personal sampler during 
each week is compared with that indicated on the nearest installed sampler. 
Although for the greater part of his time the wearer was within 10 ft of the installed 
equipment it can be seen that during certain weeks his exposure bore little relation ie 
to the installed sampler results. It appears that over the nine month period the man 
has been exposed to an average concentration five times that shown by the installed 
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Fic. 4. Air samplers: top left—Mk. Il; top right—Mk. 1; below—pouch and belt 
for Mk. Il. 
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equipment. This conclusion supports the use of personal samplers and confirms 
that the average exposure of the individual over the period was much less than 
the maximum permissible concentration. This was borne out by routine monthly 
analysis of the urine of the man, which showed no significant amounts of plutonium. 
The values observed lay between 0-1 and | upyc/24 hours on three occasions and 
less than 0-1 upc/24 hours on the remaining six. These are considered to correspond 
to much less than the permissible body burden. 
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Fic. 5. Comparison of weekly results from a personal air sampler and a nearby 
installed sampler over a nine-month period. 


An attempt has been made to use personal samplers to correlate the quantity 
of enriched uranium inhaled by two men engaged in a new process with the amount 
excreted in their urine. On the introduction of personal samplers the urinary levels 
showed an immediate reduction by a factor of five to statistically insignificant 
amounts. It is possible that this was due in part to the extra care induced by wearing 
the samplers. 


CONCLUSION 

The pocket air sampler described provides a suitable means for measuring the 
average concentration of radioactive dust to which a man had been exposed. 
Although designed to permit investigation of the distribution of dust in areas where 
open sources are handled, the air sampler can obviously be used to give a precise 
measurement of a person’s exposure when the permissible limits are approached; 
staff wearing samplers have commented on the sense of security they give. 

The sampler would appear to be suitable for assessing other toxic materials as 
the volume sampled is adequate for determining allowable concentrations of many 
common toxic dusts (including beryllium), some of which can be collected in 
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sufficient quantity for analysis in one day's sampling or less. The flow rate should 
also prove suitable for the collection of toxic vapours, such as benzene or carbon 
tetrachloride, by means of silica gel or other adsorbent. 


Suppliers of components 


(a) Staar-Kinder Motor Staar Electronics Ltd., ‘ 
Ormond House, 26 Boswell Street, C 
Queen Square, London, W.C.1. 
(b) Aluminized Melinex Film Geo. M. Whiley Ltd., a 


Ruislip, Middlesex. 
(A.E.R.E. Cat. No. 1-4/1906). 
(c) Mallory Batteries, types RM3 Mallory Batteries Ltd., 
and RM!2 Rainham Road South, 
Dagenham, Essex 
(d) Miniature Cable Outlet Assembly Plessey Co., Cheney Manor, 
(Z 970063) Swindon, Wilts 
(ec) 6 V Car Clock—- Model 52550 7 Smith's Motor Accessories Ltd., 
Cricklewood Works, London, N.W.2 
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A STUDY OF NOISE IN A CIRCULAR-SAW SHOP 
AND ITS EFFECT ON HEARING* 


D. E. Hicxisu and P. J. R. CHALLEN 


Occupational Hygiene Service, Slough Industrial Health Service, 
Farnham Road, Slough, Bucks. 
(Received 10 July 1959) 


1. INTRODUCTION 
IN the course of a visit to industrial hygiene laboratories in the U.S.A. in 1955, 
one of us (PJIRC) had visited the Applied Physiology Research Laboratories of 
the Liberty Mutual Insurance Company, and had observed with interest experi- 
mental work being carried out on methods for the reduction of the noise produced 
by circular saws. Subsequently a problem of this nature was discovered in the 
saw shop of one of the member firms of the Slough Industrial Health Service, and 
the present paper describes an investigation of this problem. 


2. THE PROCESS INVESTIGATED 

The material handled in the workshop was cork, in the form of blocks of up to 
4 in. thickness and up to 37 in. long. The saw bench was a twin one, with a separ- 
ation of 22 in. between the two saw blades (Fig. 1), and the blades were rotated 
at a speed of 2800 r.p.m. Three types of saw blade were used, according to the cut 
required. These were a 64-tooth ripsaw of 15 in. diameter; a “novelty” blade 17 in. 
in diameter and having 150 teeth arranged in groups of 5 with a gullet between 
each group; and an 18 in. diameter planing saw with 240 teeth (Fig. 2). 


3. INVESTIGATION 


(a) Environmental 


Tape-recordings were made of the noise produced when the saw was operated 
with the ripsaw at the outer cutting position and the novelty blade at the centre 
position. The microphone was placed at a point 4 ft from the ground, 2 ft 6 in. 
from the ripsaw bearing, and displaced | ft 6 in. laterally from its centre line in 
the direction of the novelty saw. The choice of this position was influenced by its 
proximity to the ears of the operator in a typical operating position, and by the 
subjective observation, confirmed by measurement, that the maximum sound 
intensity occurred near this point. Octave Band analyses of the noise were subse- 
quently made, using a Dawe 1410 analyser. The results of these analyses are given 
in Table 1, and for comparison a tentative damage risk criterion is shown (LITTLER, 
1958). This criterion is one which, it is suggested, should not be exceeded if workers 


* A paper presented at a Scientific Meeting of the British Occupational Hygiene Society 
on 17 February 1959. 


133 


ol. 2 
59/60 


134 D. E. Hickisu and P. J. R. CHALLEN 


are not to suffer loss of hearing after continuous occupational exposure to noise 
for a period of 10 years. 


Taste |. SOUND LEVELS IN SAW SHOP 


Sound pressure levels (dB) 


Frequencies ———— 
(c/s) 20 20 75 150 300, 600 12K/ 24K/ 48K 
10K 75 150 300 600 12K 24K 48K 10K 
Saw running, but 
not cutting 101 79 75 76°5 76 78:5 90 100-5 79 
Cutting cork 100 80 74 79 81 92 93 96 92 
Damage risk 
criterion — 100 ——s«100 90 80 75 70 70 70 
Vol. 2 
The noise produced from each of the saw blades when running alone was also 1959/6! 


measured and analysed. These results are shown in Fig. 3. 

It will be noticed from Table | that a slight reduction in total noise intensity 
occurred when cutting of cork took place. For other saws and types of materials, 
however, there may be a considerable increase in noise when cutting commences. 
In Table 2 results are given of noise analyses for a 15-in. 60-tooth ripsaw, rotating 
at 1800 r.p.m. and used for cutting wood. 


TABLE 2. SOUND LEVELS NEAR CIRCULAR SAW USED FOR CUTTING WOOD 


Sound pressure levels (dB) 
(c/s) 20 20 75 150 300 600 12K/ 24K/ 48K 
10K 75 150 300 600 12K 24K 48K 10K 


Saw running, but 
not cutting 85 63 64 75-5 73-5 76 82 77°5 64 


Saw cutting wood 96 69 69 70 83 84-5 88 93 88 


Damage risk 
criterion -— 100 100 90 | 80 75 70 70 70 


(b) Clinical 

(1) Preliminary experiment. As a preliminary study of the possible effect of this 
noise upon hearing, one of us (DEH) acted as a subject, and was exposed to the 
noise for a period of 3 hours. Immediately before and after exposure pure-tone 
audiometry was carried out in the works surgery (in which the sound level was 
sufficiently low for the purpose) using an Amplivox Model 61 Audiometer, cali- 
brated to British Standard 2497. This Standard can be related to the American 
Standard, to which most commercial audiometers have been calibrated in the past, 
in the following manner: 


| 
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Fic. 2. Saw blades used during investigation. Left to right: planing saw, ripsaw, 
novelty saw. 
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Difference to be added to American 
Frequency Standard readings to give British 
(c/s) Standard (dB) 

125 5 
250 10 
500 13 
1000 
1500 8 
2000 10 
3000 14 
4000 12 
6000 14 
8000 15 


Further audiometry was carried out in our Noise Laboratory at intervals of 
34, 224 and 45 hours after exposure, and the results of these tests, expressed as 
mean bilateral hearing loss, are shown in Table 3 and Fig. 4. 


TABLE 3. TEMPORARY HEARING LOSS DUE TO EXPOSURE TO NOISE 


Hearing loss (dI B) 


Frequency = 
(c/s) S00 1K 15K 2K 3K 4K 6K 


Before exposure +2:5| +5 +2°5 | +5 


Immediately after 
3 hr exposure +2°5) 4+ +10 | +25 | +32°5 


Temporary loss due 
to exposure +7°5 | +2°5| +2°5 +5 +5 +17°-5 | - +30 


Recovery Period 
34 hr after 
exposure 0 —5 


224 hr after 
exposure +2‘5| —5 


45 hr after 
exposure —2:5| —2°5 +5 


For clarity the 45 hour test has been omitted from the figure. (The apparent im- 
provement after exposure in hearing at the lower frequencies is probably due to 
the slightly lower noise level in our-laboratory in which the latter tests were made.) 

(ii) Audiometric examination of exposed workers. In view of the findings of the 
preliminary tests it was decided to test the hearing of the four operators employed 
in this section of the works. The occupational histories of these operators are 
summarized in Table 4. 


TABLE 4. OCCUPATIONAL HISTORIES OF CIRCULAR-SAW OPERATORS 


Previous employment 
Operator Age Present employment in noisy shop War service 
(years) (years) 


Army 7 
Navy 15 
Army 2 
Army 6 
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Fic. 4. Temporary hearing loss and recovery. 


The ears of the men were examined and any wax removed, and hearing was tested 
(a) on a Monday morning before exposure commenced, and (b) on a Friday after- 
noon immediately following exposure for the working week. The results of these 
tests are shown in Fig. 5. Audiometric testing of three of the men (the man with 
the least period of employment having then left the firm) was repeated on resump- 
tion of work after the two-week summer holiday period, and these results agreed 
very closely with the earlier Monday morning figures. 
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4. DISCUSSION 

The sound levels measured with the ripsaw are in excess of the recommended 
values at all octave bands with frequencies above 600 c/s, and the peak excess, that 
in the band 2-4 to 4-8 Ke/s, is 30-5 dB. In the three lowest frequency bands, the 
sound levels are considerably below the criterion, and LiTTLeR (1958) points out 
that this might permit some relaxation in the permissible maximum at the higher 
frequencies. Audiometric testing of the single subject, not previously exposed to 
noise, indicated temporary hearing loss of 30 dB at 4000 c/s, which is character- 
istic of hearing loss due to noise exposure. Recovery from this temporary loss was 
not fully achieved until more than 224 hours had elapsed from the time of cessation 
of exposure. (The necessity to take account of temporary hearing loss in industrial 

audiometry is thus emphasized.) 


40 3000 __6000 
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Fic. 5. Audiometric tests on saw operators before and after exposure. 


There were thus strong grounds for suspecting a hazard to hearing in this 
operation, and the audiometry of the four workers again revealed a permanent 
loss of hearing, together with an additional temporary loss. There is a complicating 
factor, however, in the incidence of loss of hearing occurring naturally with increas- 
ing age, but a correction may be made for this. In Table 5 the observed mean 


TABLE 5. HEARING LOSS CORRECTED FOR AGEING EFFECT 


Frequency (c/s) 


(dB) (dB) (dB) 
Observed permanent hearing loss 3 10-0 
“Ageing” correction for age 36 

years 


Permanent loss attributable to ex- 
posure to noise 
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permanent hearing loss in the exposed persons has been corrected for this ageing 
effect (AMERICAN STANDARDS ASSOCIATION, 1954), and there is still an appreciable 
loss in the region of 4000 c/s, and this loss can reasonably be attributed to exposure 
to noise either in the present or previous employment, or during war service. 
Annual testing of the hearing of these employees is being arranged, and new 
entrants to the work are being given pre-employment tests. 


5S. PREVENTIVE MEASURES 
The solution to the problem of the noisy circular saw is not an easy one, but 
the methods conventionally used in industrial hygiene to minimize a hazard can be 
tried. It is apparent from Fig. 3 that there is a much reduced hazard if the novelty 
saw is substituted for the ripsaw, and no hazard if the planing saw is used. Use 
should therefore be made of the quietest type of blade which will perform the 
required cut efficiently 
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Fic. 6. Reduction of noise from ripsaw blade by application of pressure pad. 


If a quieter blade cannot be substituted, an endeavour should be made to 
reduce the noise at source. The noise produced by a saw blade is due to a combina- 
tion of the “chopping” of the air by the teeth of the saw (siren effect) and of the 
vibration of the saw blade in its natural mode. The siren frequencies of the ripsaw, 
novelty and planing blades are 2990, 7000 and 11,200 c/s respectively. This effect 
will tend to be more important with the blades with fewer teeth on account of the 
greater depth of the gullets. Reference to Fig. 3 suggests that the siren frequency 
is not, in fact, predominant in the cases of the novelty and planing blades. The 
vibration of the saw blade itself appears to be the most important source of noise, 
particularly in the ripsaw, as is illustrated in Fig. 6, which shows the reduction in 
the noise produced from this saw when the blade vibration is lessened by the 
application of a cork pressure pad against the side of the blade. 
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The research staff of the Liberty Mutual Insurance Company have investigated 
the effectiveness of pairs of steel stiffening collars in reducing the vibration of saw 
blades (CUDWORTH, 1957) and they have shown that these collars, in order to be 
effective, must cover a significant proportion of the blade area. The relationship 
which they found between collar diameter and the sound level produced from a 
14-in. diameter 60-tooth ripsaw running at 3400 r.p.m. is shown in Fig. 7. When 
stiffening collars are used, only the portion of the blade not covered by the collars 
can be used for cutting and this may limit their application. In the situation under 
discussion a saw blade of 15 in. diameter was in use, and a depth of cut of at least 
44 in. was required. The diameter of a stiffening collar must of necessity, therefore, 
be less than 15 in.—(2 x 44 in.), i.e. 6 in. and it is apparent from Fig. 7 that little 
reduction in noise could be expected from such a measure. Our preliminary tests 
do, however, suggest that the use of pressure pads of suitable material (“*“Fluon” 
is being considered) located on the under side of the bench might provide a possible 
solution. 


6 7 
Collar diameter, hn. 


Fic. 7. The effect of stiffening collars in reducing the noise from a circular-saw blade 
(CupwortTn, 1957). 


Enclosure of the noise source does not appear to be practicable in the case of 
circular saws, but wherever possible, noisy saws which cannot be quietened should 
be segregated from other parts of the workshop in order to minimize the number 
of people exposed. Persons necessarily exposed to a hazardous level of noise should 
be provided with personal protection in the form of insert ear plugs or external 
ear muffs. 


6. SUMMARY 
(1) The noise produced during certain circular sawing operations has been 
shown to exceed a recommended damage risk criterion at frequencies above 
600 c/s. 
(2) Audiometric testing of an experimental subject exposed to the noise for 
3 hours indicated a marked temporary loss of hearing. 
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(3) The four workers concerned also showed a temporary hearing loss after 
exposure in addition to a permanent loss in excess of that considered to be due to 
ageing. 

(4) Methods of reducing exposure to noise during sawing operations are 
discussed. 
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INTRODUCTION 
EXPLOSIVES are extensively used in mining for blasting coal on faces, blowing down 
rippings to advance face roadways, heading out new coal faces, and for tunnelling. 
During studies of environmental conditions on coal faces made as part of an 
investigation of attendance among coal miners, many men described headaches 
and other symptoms associated with the handling and firing of explosives. The 
subject introduced an environmental factor about which little was known, and 
which could also be of some importance with regard to the absence from work of 
face officials. We therefore made the brief pilot field investigation which this report 
describes. 

The data were collected in the course of routine visits to coal faces which had 
already been arranged as part of the main investigation. No announcement was 
made of any special interest in explosives since, apart from other considerations, 
this could have led to exaggeration of the symptoms described. However, despite 
a deliberately casual manner of inquiry, our interest in the subject became known; 
nor was it possible to avoid leading questions entirely. These points must be borne 


in mind in considering the results. 

The information collected included the types of explosive used, their carriage 
and preparation, and reports of symptoms associated with their use. Information 
about temperatures, air velocities, and other environmental conditions underground 
was included among the routine observations made during all visits to coal faces. 
Observations were also made in tunnels and headings. 

For the most part explosives are handled only by magazine attendants on the 
surface and by deputies and shotfirers underground. All told, 21 magazine attend- 
ants were interviewed and 94 deputies and shotfirers. General questions were also 
put to some 450 colliers on 30 coal faces. Personal information, including age, 
length of service and normal place of work, obtained at interview was checked 


against colliery records. 
The study reported here was made in fifteen collieries of one National Coal 
Board Division. The collieries taken were divided between four National Coal 
Board Areas. Two full-production hand-filling coal faces in each colliery were 
chosen at random. All the deputies and, except where special circumstances under- 
ground prevented, the men on the filling shift at these faces were interviewed. 
Reports since received from a further ten collieries in the same Division and six in 
another are in agreement with the findings. 
141 
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1. TOXIC FACTORS IN COLLIERY EXPLOSIVES 

Constituents of the explosive 

Table | lists the explosives used at the collieries visited and the makers’ formulae. 
There are three main groups: (i) sheathed powders and plastics; (ii) “equivalent to 
sheathed” (Eq. S.) powders and plastics; and (iii) unsheathed plastics. Sheathed 
explosives are enclosed in a cylinder of sodium bicarbonate, a temperature reducer. | 
Eg. S. explosives incorporate the reducer in the mixture. Explosives are made up 
in cartridges which are normally of 2, 3, 4, 6 or 8 ounces in weight and are enclosed 
in strong waxed paper. 

Eq. S. explosives were first introduced about 1950 and are replacing sheathed 
explosives which have been in use for some twenty-five years. 


TABLE 1. CONSTITUENTS OF EXPLOSIVES USED AT COLLIERIES 
(upper limits of parts by weight) 


Nitro- 
glycerine Nitro- Mono-, Absorbent 
Group Type andethylene cotton di-or Ammonium Sodium bases, 
glycol cellulose trinitro- nitrate chloride anti-setting 
dinitrate toluene agents, etc. 
AN 9-5 61-5 22°5 9-5 
Sheathed B* il 73 10 11-5 
powders 1! 59-5 22 10-5 
and D 14 68-5 11-5 11-75 
plastics E 27-5 1-25 2°5 42 25 7°5 
F 27-5 1-25 2-5 42 25 7:5 
Equivalent G 8-8 — 57 30:1 9-86 
to sheathed H 12-5 0-5 | 49°5 36°9 5-95 
(Eq. S.) J 12-8 51-6 32 9-7 
powders K 17-5 | 1-5 43-7 29°4 16°36 
and Lt 18 1-1 30 47°5 11-1 
plastics M 28-3 1-4 2:2 32°5 30°3 14-21 
Unsheathed N 27-5 1:25 2°5 42 25 7°5 
plastics Oo 27-5 1-25 2°8 42 25-5 8-36 
P 40-9 3-0 21 28:1 14°16 


Note.—* Will be discontinued. 

+ Contains ammonium chloride and sodium nitrate. 

The chemicals common to all the explosives listed are: nitroglycerine and 
ethylene glycol dinitrate; ammonium nitrate; and sodium chloride (with one excep- 
tion, ammonium chloride and sodium nitrate). 

Some explosives also contain: mono-, di- or tri-nitrotoluene and nitrocotton 
and nitrocellulose. 

The explosives contain mixtures of nitroglycerine and ethylene glycol dinitrate 
approximately in the proportion 4:1. The effects of ethylene glycol dinitrate are 
very similar to those of nitroglycerine but because it is more volatile they are more 
severe. Nitroglycerine is a nitric acid ester of glycerol and in common with such 
esters it is easily reduced to the nitrite (RABINOWITCH, 1944). It thus has a prolonged 
and powerful vaso-dilating effect on the circulatory system. Consequently, blood 
pressure is lowered. A further consequence may be methaemoglobin formation. 
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HUNTER (1955) describes the symptoms of nitroglycerine intoxication as 
“beginning as a severe, throbbing, frontal headache which spreads to the vertex. 
Nausea frequently occurs, but vomiting and abdominal pain are less usual’’. 
Tremors may occur and in mild cases even the headache may be absert. Several 
writers (GERLE, 1946; RABINOWITCH, 1944) describe psychological disturbances— 
“stupor, confusion, giddiness and pugnaciousness”’. The effects of taking alcohol 
when suffering from nitroglycerine poisoning can be severe but it is doubtful if 
shotfirers are exposed to this risk. 

Rabinowitch (1944) believes that “practically all the symptoms are due to a 
reduction in blood pressure and may appear within a few minutes or up to an hour 
after exposure”. 

There is some controversy whether chronic nitroglycerine poisoning occurs. 
VON OETTINGEN (1946) considers that long exposure “may produce degenerative 
vascular lesions which may be exaggerated by circulatory disturbances’. Digestive 
troubles and tremors have been reported by FAIRHALL (1949); EpriGut (1914) 
examined twenty American workers and found no evidence of chronic effects, but 
these men appear to have been a selected group: they were not subject to headaches, 
neither did they drink. Hertz (1925) made similar observations on French workers 
and found no effects. 

No long-term effects with ethylene glycol dinitrate have been reported other 
than, as with nitroglycerine, possible withdrawal symptoms. 

A local irritant action, shown by skin eruptions and rashes, has been demon- 
strated by GLAISTER (1942). 

Less than half the explosives in use contain mono-, di- or trinitrotoluene—the 
effects of which are similar. The maximum amount contained, in parts by weight, 
is 2-8 compared with 40-9 parts of nitroglycerine. The effects of T.N.T. are therefore 
likely to be subsidiary and minor. Marked frontal headaches, nausea and abdominal 
disorders are said to be common indicators of a mild degree of exposure. As such 
they closely resemble those of nitroglycerine. Skin eruptions due to a local action 
of trinitrotoluene were noted by PROsseR WHITE (1928). 

Ammonium nitrate is hygroscopic and skin in contact with it is kept moist so 
that absorption of toxic substances may be facilitated. It also has a tendency to 
cause irritation to and lesions of the skin (PROSSER WHITE, 1928). 

Sodium chloride has little effect other than to cause smarting and irritation to 
cuts and abrasions in the skin. 

Only small quantities of nitro-cellulose are used and the effects are likely to be 
minor. 


The products of detonation 


The main products of the explosion are carbon monoxide and nitrous fumes, 
i.e. nitrogen peroxide and monoxide. In contact with alveolar tissue nitrous fumes 
give rise to nitrates and nitrites, chiefly of sodium, and thus irritating the alveolar 
tissue and interfering with respiration. The nitrites also have a specific relaxant 
action on the smooth musculature of the vascular walls resulting in vaso-dilatation 
and fall in blood pressure. Nitrous fumes, through another chain of reactions, can 
also give rise to methaemoglobin, by oxidation of the blood haem fraction, leading 
to anoxia; possibly NO-haemoglobin is also produced and has the same effect. 
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Finally, the carbon monoxide gives rise to CO-haemoglobin which may cause 
anoxia. 

The toxic agents contained in or arising from colliery explosives are thus seen 
to have some effects in common, notably vaso-dilatation and anoxia. 


2. EXPOSURE 


Surface storage and carriage underground of explosives 


Explosives are stored in a substantially constructed magazine which is usually 
near the pit bank. (At large collieries where much explosive is used the main store 
may be some distance away and there will be a separate issuing store near the pit 
bank.) Stores are under the control of an attendant who orders the explosives, 
packs them in containers fgr carrying down the pit and issues detonators to shot- 
firers and other authorized persons. He keeps detailed records. Separate offices for 
clerical work are not provided and some magazines are poorly illuminated. Fourteen 
of the fifteen magazines we saw were not well ventilated and a strong smell of 
explosive was always noticeable on entry. Some were heated in winter by water 
radiators. 

Small quantities of explosives are carried underground in special locked con- 
tainers which are usually cylindrical and hold 5 lb of cartridges. Detonators are 
carried in separate locked cases. All keys are carried by the shotfirers. These 
containers and cases, with any unused explosives and detonators, are returned to 
the magazine at the end of the shift. 

The rough usage the containers get in transport tends to break open some of 
the cartridges of explosive. In no colliery visited did there appear to be any regular 
system for cleaning the inside of the containers: small quantities of loose explosive 
may thus remain in them for long periods. 


Use of explosives underground 

When a charge of explosive, or “shot”, is to be fired the shotfirer unlocks a tin 
and extracts the number of cartridges which will give him the weight of explosive 
needed. He makes a hole in one of the cartridges using a “pricker’’ of non-ferrous 
metal, inserts the detonator and secures the leads. The cartridge is now “primed”. 
The primed cartridge is placed in a borehole* which is plugged (or “‘stemmed’’) 
with a special clay. After stemming, the charge is electrically fired through a cable 
which for safety should be at least 20 yards long. 

On hand-filled coal faces the coal is blasted to make work easier and this 
usually takes place during the preparation shift. But, where coal is difficult to work, 
further shotfiring may be required during the filling shift and shotfirers are normally 
allocated to coal faces for this purpose. Sometimes most of the coal is fired during 
the filling shift. One or two shots are fired beforehand to enable the collier to 
break into his stint; the remainder are fired during coaling. Each shotfirer works 
with a group of eight or nine colliers, going from stint to stint as required. 

From one to four, and sometimes six, shotfirers may be at work on a coal face, 
depending on the length of the face and system of firing. They are usually allowed 
to explode 40 shots in a shift. Deputies are usually allowed to fire 10. Generally 


* The required gas and crack tests will not be described here. 
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6 to 8 single shots may be fired in an hour. For reasons of safety men must leave 
the immediate place of work when shotfiring takes place and not return until the 
shotfirer permits. 

Intunnels and headings explosives are used to break up rock so that the workings 
can be advanced. Shots are normally all primed and fired together. In tunnels 
usually one man, the deputy, fires and a round of 40 to as many as 80 or more 
shots may be exploded in very rapid succession using delayed-action detonators. 
One deputy may fire the shots for a group of headings; commonly one round of 6 
shots is used. 

It can be seen that exposure to the raw explosive is normally restricted to 
magazine attendants, deputies and shotfirers. Both shotfirers and colliers are liable 
to exposure to the gases produced by the explosion, the degree depending mainly 
on the amount of shotfiring, the time at which the men return to the neighbourhood 
after the explosion and the efficiency of the ventilation. 


3. THE SYMPTOMS REPORTED 
The substance of observations and interviews is illustrated by the examples 
given below: 


(a) Magazine attendant 

P.10. Aged 35. 3 years 4 months at the job. Seen for about one hour in the 
magazine. Stated: ““Get headaches, worse in hot weather. Started as a powderman 
3 years 4 months ago, started getting headaches 8 months later. Complained to 
maker's representative who said their own works are issued with tablets. He advised 
us to keep a bucket of water outside to wash hands in. Don’t, because can’t handle 
detonators in winter with frozen hands. Fumes from magazine in the early morning 


are bad. Usually leave door open for a quarter of an hour before working there. 
Put it down to vapour and handling. Headache above eyes. Usually comes on at 
end of shift (with overtime he works I! hours). Don’t get headache from drinking. 
No difference on Mondays. Have one now—uncomfortable low feeling and painful. 
Hope something can be done to stop the trouble. Always carry aspirins” (showed 
half-full bottle). (Environmental conditions: Temperature D.B. 70 F; W.B. 
62 °F; Air velocity 20 f.p.m. Magazine well lit; strong smell of explosive.) 


(b) Shotfirers on coal faces 

S.17 Deputy. Aged 33. Has fired for at least 5 years. Fires Type M shots. Has 
fired Types C, F and G. Seen on the coal face for about 15 minutes. He was sweating 
very much, especially on the forehead. Plump, unworried, outspoken. Stated: 
“Don’t get headaches from smoke (i.e. fumes from the explosion) but when I get 
a sweat on, and on this face all the time your hand is up to your head; if you don’t 
remember you get a headache’’. The headache was described as a “dull pain”’ and 
indicated as at a line above the eyes. It ““moves to the top of the head. When you’ve 
got one of these you feel you will go mad if anyone shines a light in your eyes. 
Can't get rid of it with aspirins—have to go home and sleep it off. The wrapper 
of Type M has a sort of wax on it—as if the stuff has been sweating—which gets 
on your hands, makes them smooth and waxy. Can’t get rid of it” (indicated, 
rubbing in floor dust), but “certain that this getting on your head does the trick. 
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No trouble with the sheathed powders.”’ (Environmental conditions: Temperature 
D.B. 91°F; W.B. 82°F; Air velocity 110 f.p.m.) 

S.14 Shotfirer. Aged 42. Has fired for more than 7 years. Fires 40 Type M. 
Seen on coal face for 15 minutes. Tall, quiet, unhurried, unworried. An angler. 
Does not drink—*‘*No time’’. Stated: “Get thick heads from smoke—‘yeddy’— 
occasionally.”” He works near the intake airway where it is little exposed to fumes. 
Has “few headaches” but “get more if top man and in it all the time” (i.e. If he 
works near the return airway he is exposed to fumes, produced by other shotfirers, 
which are swept along the face by the air current). ““No trouble from handling— 
only 4 oz. shots, so packets don’t get broken. Get headaches from vapour from 
tins if you get a good smell of it” (opened tin—strong smell). Carries aspirins 
(showed them). “Most heads on Monday mornings.” (Environmental conditions: 
Temperature D.B. 86 F; W.B. 73 °F; Air velocity 435 f.p.m.) 


(c) Colliers on coal faces 


Coal face C.5. 22 Colliers—3 shotfirers on the face each firing 40 shots. Colliers’ 
comments: “Smoke (i.e. fumes from explosive) is murder, thick, choking, can’t see. 
Get heavy heads—humid headaches—from the smoke. Nice working apart from 
dust, roof and smoke.” (Environmental conditions: Temperature D.B. 85 °F; 
W.B. 72°F; Air velocity 165 f.p.m.) 


Interview results 


Of the 94 deputies and shotfirers interviewed, 54 said that they were affected by 
handling the explosives and by the fumes; 10 said that they were affected by 
handling alone and 13 that they were affected only by the fumes. Twelve said that 
they were unaffected either by handling or by the fumes and 5 gave insufficient 
information. Seventy-seven deputies and shotfirers reported headaches. Fourteen 
said they had them frequently, 43 said occasionally, 12 said they had them rarely 
and answers from 8 were unclassifiable. 

There were also considerable differences in the severity of the effects. Some 
shotfirers said that they were “not bothered by the headaches—it passes off in the 
bath”. Others said that it lasted for 24 hours and some mentioned occasions when 
the effects had forced them to be absent through illness. Some men were made 
little more than uncomfortable; others described the headaches as “blinding’’, and 
reported occasions when they had had to be assisted from their work. Many said: 
“You don’t know what a headache is until you have had one of these.” A few 
reported forgetfulness, occasions of temporary loss of memory and strong compul- 
sion to leave the work place without regard for the consequences, and visual 
impairment. 

Differences in the symptoms reported appeared to be related to occupation and 
type of exposure. 

(a) Among magazine attendants, who were exposed to the effects of the raw 
explosive alone, there were reports of localized severe headaches, impaired vision, 
“rashes”, digestive troubles, and sometimes abdominal pain and nausea. 

(b) Shotfirers, who were exposed both to the explosive and the fumes from the 
explosion, reported the same but more severe symptoms. Some also reported 
“burning feelings” in the chest. 
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(c) Colliers on coal faces were affected by the products of the explosion only; 
their symptoms were almost invariably described as “‘heavy’’, diffuse headaches. 
Sore throats and chests and vomiting were also occasionally reported by them. 
Colliers interviewed on 13 out of 30 coal faces stated that they were affected by 
the fumes. 

No relation between age, length of service as a shotfirer and the occurrence of 
symptoms was detected. 

There are indications of an association between the amount of nitroglycerine 
in the explosive and the proportion of symptoms reported. Table 2 summarizes 
the data. 


TABLE 2. AMOUNT OF NITROGLYCERINE IN THE EXPLOSIVE AND PROPORTION OF SYMPTOMS 
REPORTED 


No. of shotfirers and 


Nitroglycerine content deputies interviewed Percentage reporting 
(parts by weight) using the explosive symptoms 
8-8-12°5 36 41 
59/60 12-8-27°5 40 60 


42 71 


Skin eruptions and rashes appeared to be associated with the use of both nitro- 
glycerine and trinitrotoluene. An explosive which contained 12-7 parts by weight 
of «-T.N.T. was withdrawn from use in one Area for this reason. 

The symptoms reported are seen to agree closely with those which would be 
expected from varying degrees of absorption of the toxic substances contained in 
the explosives themselves or in the gases which result from the explosion. The 
predominant symptom is headache which appears to be of two types: a painful 
localized one seemingly associated with nitroglycerine and a less painful kind 
apparently related to the presence of nitrous fumes and, perhaps, carbon monoxide. 
Impaired vision and memory were comparatively rare but may have considerable 
practical importance. 


4. ABSORPTION OF TOXIC SUBSTANCES 
Absorption occurs by ingestion, by inhalation and via the skin. 


Ingestion 

Most shotfirers were seen to take part of their meal before firing had finished. 
Only one said that he tried to wash his hands before eating. (There is often little 
water available.) Many chew tobacco or gum or take snuff through the shift. It is 
therefore likely that some explosive is swallowed. 

Ten out of 21 magazine attendants reported headaches, 9 claiming that handling 
or vapour was the cause. Their hands are in continual contact with explosives and, 
because facilities for washing their hands before meals were not easily accessible, 
ingestion of explosive may also occur. 


Inhalation 


Inhalation is of course the method of absorption for the gases which are pro- 
duced by the explosion but it also appears probable that the raw explosive may be 


3 
$$$ 
70.2 
28-3-40-9 
F 
| 
q 
4 


148 M. Powe.t and M. A. Lomax 


inhaled in the form of “vapour” from the cartridges, especially the broken ones 
in the containers. Dust from explosives may also accumulate in the tins and be 
inhaled. Sixty-seven of the ninety-four deputies and shotfirers interviewed claimed 
fumes from the explosion as the cause of headaches and nine claimed that vapour 
from raw explosive was also a cause. 

The maximum allowable concentration for nitroglycerine vapour is 0-5 ppm. 
Particles of unexploded nitroglycerine in concentrations of less than 0-1 ppm have 
been measured on coal faces (Woop, 1957). In magazines, however, the concen- 
tration may well be greater than that recommended, especially where ventilation is 
poor and where there is heating during the winter. (This would tend to increase 
the volatilization of the explosive.) 


Skin absorption 

The raw explosive is readily absorbed through the skin. The hands easily 
become contaminated since some explosive inevitably escapes from primed cart- 
ridges and from cartridges which are broken in transit. Further, if cartridges of the 
right size are not available, shotfirers were sometimes seen to break longer ones to 
the required size.* Explosive also adheres to the pricker blade and is thus trans- 
ferred to the hands. In some pits the pricker is included in the exploder and folds 
up to form part of the handle when not in use. Thus, every time a shot is fired with 
the exploder, the palm of the hand makes contact with the pricker plade. One man 
thought his headaches were caused from handling alone 

Fifty-eight of the ninety-four deputies and shotfirers interviewed claimed that 
headaches were caused by using their hands or wrists to wipe sweat from their 
foreheads when shotfiring. The better vascular supply to the skin of the forehead 
would facilitate absorption 

Headaches arising from putting a number of primed cartridges in the shirt-front 
were mentioned by two men.* One of us confirms this route of absorption, via 
the skin of the chest, from his own experience when tunnelling. A shotfirer on a 
coal face may prime 2 or 3 cartridges and put them into his shirt so that he has 
them ready for use. In tunnels a batch of cartridges may thus be carried to the 
tunnel face* although a properly constructed carrier should have been provided 
and used 

Most shotfirers squat or sit to prime cartridges. Fine particles of explosive may 
thus fall or be wiped on to the skin or on to clothing. Usually shirts are washed 
regularly but trousers are often changed only at holiday times so that they may 
well become contaminated with explosive 

Nitroglycerine is an excellent solvent of the wax coating of the cartridge paper 
in which the explosives are wrapped and this coating becomes softened when warm 
so that explosive may easily permeate to the hands. Skin absorption is also likely 
to be increased at high temperatures since increased sweating would cause the 
particles of explosive to dissolve more readily. Moreover, increased sweating would 
cause men to wipe their foreheads with their hands more frequently and thus 


* Some of these observed practices contravene the provisions of the Mines and Quarries 
Act 1954 or the Coal Mines (Explosives) Order, 1956. We have no knowledge how widespread 
these practices may be. Shotfirers state that sometimes to them there seems to be no immediate 
alternative to the contravention of the regulations if they are to avoid holding up production or 
avert some of the effects of shotfiring. 
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spread the explosive over a larger area of skin. HUNTER (1955) notes that immunity 
in factory workers is lowered in hot weather. Table 3 summarizes the relationship 
between the frequency with which symptoms were reported by deputies and shot- 
firers and the temperatures on the coal faces. 


TABLE 3. SYMPTOMS FROM CONTACT WITH THE EXPLOSIVE IN RELATION TO TEMPERATURE 


Faces with much shotfiring Faces with little or no shotfiring 


Dry bulb Effective — ——— 
Temp. Temp. No. of shotfirers Percentage No. of shotfirers Percentage 
(FP) (FP) and deputies reporting and deputies reporting 
interviewed symptoms interviewed symptoms 


51-61 10 


66-71 54 


60-78 93 


76-81 100 


The proportion of symptoms reported is seen to increase as the environmental 
temperatures increase on faces on which much shotfiring occurred; no symptoms 
were reported on faces with equivalent temperatures on which there was little or 
no shotfiring. 

Sheathed explosives are encased in a cylinder of sodium bicarbonate. Table 4 
shows the proportion of symptoms reported by shotfirers handling sheathed, 
Eq. S. and unsheathed explosives in powder and plastic forms. 


TABLE 4. SYMPTOMS REPORTED WITH DIFFERENT TYPES OF EXPLOSIVE 


Sheathed explosives Eq. S. explosives Unsheathed explosives 
Type No. who Percentage No. who Percentage No. who Percentage 
have with have with have with 
used them symptoms used them symptoms used them symptoms 


Powder 34 (None issued) 
Plastic 40 


Total 74 
Mean 


The proportion of complaints is seen to be much less when sheathed explosives are 
used, whilst there is no significant difference between powdery and plastic forms. 
Unsheathed explosives caused the most complaints. 


Confirmatory trials 

Attempts to confirm the effectiveness of the above methods of absorption were 
made by trials on ourselves and willing friends, including a physician, using very 
small quantities of explosive in a cool environment. 

Restricting each trial as far as was possible to one method of intake, the results 
confirmed that contact between the explosive and the skin of hands and forehead, 


<70 3 0 
70-75 2 0 
76-83 8 0 
83 ee 3 0 
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and ingestion, can each produce headaches. The headaches were in some cases 
extremely severe and gave rise to marked feelings of apprehension. A small drop 
in blood pressure was also noted. 

RABINOWITCH (1944) made observations in industries other than coal mining 
and found absorption to be by ingestion and by the skin. WEINER and THOMSON 
(1947) found that effects from the inhalation of fumes from cordite (a nitroglyc- 
erine powder) occurred although protective clothing was worn. 


SUMMARY AND CONCLUSIONS 

A pilot field study was made of 94 face officials, 21 attendants in magazines 
where explosives are stored and 30 groups of colliers on coal faces. The symptoms 
reported by these were consonant with the effects expected from exposure to nitro- 
glycerine in the explosive, or nitrous fumes and carbon monoxide in the products 
of explosion. Magazine attendants were exposed to the former, colliers to the latter 
and face officials to both. The last group reported the most severe symptoms. 

Individuals appeared to differ in susceptibility and in the severity of the effects 
reported. The proportion of symptoms reported bore no relation to age or length 
of service but increased in relation to the amount of nitroglycerine in the explosives 
used. 

Although absorption could occur through inhalation and ingestion, shotfirers 
appeared to absorb nitroglycerine chiefly through the skin, probably to a consider- 
able extent through the skin of the forehead, and this occurred more readily in 
warm environments when men were sweating freely. Sheathed plastic explosives 
gave rise to the least number of complaints. 

This inquiry, although tentative in its findings, suggested four points which 
have received practical attention. First, colliery staffs have been notified of the 
desirability of ensuring that the correct sizes of cartridges are issued so that these 
would not have to be broken. Secondly, the need for fuller instruction during the 
training period concerning the toxic effects of explosives and correct methods of 
handling them has been emphasized and the relevant points included in training 
manuals. Thirdly, approaches have been made to the makers regarding means of 
enclosing explosives in sheaths which are impermeable to nitroglycerine. Finally, 
much attention has been paid to ventilation and the provision of washing facilities 
in explosives magazines and stores. 


Acknowledgements—We wish to thank the many colliery officials and men who have assisted us in 
our inquiries. We are also indebted to our colleagues engaged on the National Coal Board's 
Attendance Investigation, and in particular, to Dr. R. B. Buzzarp, of the Scientific Staff of the 
Medical Research Council who directed the Attendance Investigation, and Dr. J. S. McLintock, 
Assistant to the Chief Medical Officer of the National Coal Board. 


NOTE—The views expressed in this paper are those of the authors and are not necessarily those 
of the National Coal Board 


REFERENCES 


Epricut, C. E. (1914) J. Amer. Med. Ass. 62, 201. 

PAIRHALL, L. T. (1949) Industrial Toxicology pp. 302, 405. Williams & Wilkins, Baltimore. 
Ger_e, B. (1946) Occ. Med. Abstr. 2, 641. 

Giaister, J. (1942) Medical Jurisprudence and Toxicology (7th Ed.), p. 537, Churchill, London. 
Hertz, J. (1925) J. Industr. Hyg. Abstr. 7, 16. 

Hunter, D. (1955) Diseases of Occupations p. 505. English Univ. Press, London. 


Vol. 2 
1959/6 


ae 


The Toxic Effects of Handling and Firing Explosives in Coal Mines 


Prosser Wuire, R. (1928) The Dermatogoses (3rd Ed.), p. 203. Lewis, London. 


RasinowitTcu, I. M. (1944) Canad. Med. Ass. J. 50, 199. 
Von OkTTINGEN, W. F. (1946), Hith. Bull. No. 186, U.S. Pub. Hith. Serv., Washington, D.C. 


Weiner, J. S. and THomson, M. L. (1947) Brit. J. Industr. Med. 4, 205. 
Woop, C. L. (1957). Personal communication. 


1. 2 
9/60 


- 
i 


Ann. Occup. Hyg. Vol. 1, pp. 152-156. Pergamon Press Ltd., 1960. Printed in Great Britain 


OBSERVATIONS ABOUT A HISTAMINE LIBERATING 
SUBSTANCE IN COTTON DUST 


HUBERT ANTWEILER 


Silicosis Research Department of the Rheinpreussen A.G., 
Homberg-Ndrh., Germany 


(Received 25 September 1959, and in revised form 6 November 1959) 


INTRODUCTION 


Abstract—The etiology of byssinosis and Monday-fever is still unknown. This paper des- 
cribes the finding of a histamine releasing factor in extracts of cotton dust, whose biological 
action was much stronger than the actual histamine content of the dust. Of all the airborne 
dusts examined only the dust from cardrooms contained the liberating factor. In extracts 
of dusts containing seed fragments, sampled near the carding machines, the histamine 
liberating activity was many times larger than in the other extracts. There may be a relation 
between the histamine liberating factor in cardroom dust and the dyspnoeic Monday-feeling 
of cardroom workers 


As late as 1956 SCHILLING wrote: “The etiology of byssinosis remains obscure”’. 
This is still true. None of the known theories about the pathogenic factors in 
byssinosis has succeeded in providing experimental proofs that fungi, bacterial or 
plant allergens cause the dyspnoeic state of the so-called Monday-feeling in card- 
room workers. The amounts of histamine which were found in cotton dust by 
MAITLAND, MACDONALD and co-workers (1932, 1934, 1937) seem to be too small 
to induce bronchospasm. These authors themselves discussed the possibility that 
there might be present some other substance in cotton dust, probably some protein, 
which could produce a release of histamine in sensitized cotton workers. Recently 
Bounuys et a/. (1959) after testing humans by aerosol-inhalation with extracts of 
cotton dusts, also supposed that there might exist some histamine liberating 
substance in cotton dust. In experiments on cats Bounuys (1959) observed that, 
after intravenous injection of extracts of cotton dust, a delayed fall of arterial 
blood pressure developed which resembled the effect obtained after injections of 
the compound 48/80. 

During the last few months we have been trying to prove directly the histamine- 
liberating effect of extracts from cotton dust by various animal experiments. 
Moreover we were interested in investigating other actions of the extracts using 
certain pharmacological methods. 


MATERIALS AND TEST PROCEDURE 
Dust extraction and histamine assay 
The extracts of cotton dusts were prepared with 4 to 10 parts (W/V) of physio- 
logical saline or Tyrode-solution. Physiological solutions were chosen to imitate 
the possible extraction of dust in human air passages after inhalation. The extrac- 
tion was carried out by shaking the dust in the salt solution for 3 hr or by grinding 
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the dust in a mortar for 15 min with an equal quantity of sand. On the completion 
of the extraction the mixtures were centrifuged at high speed (3200 g) and the 
clear supernatant fluid was filtered through paper and membrane (Membranfilter 
No. 1), to eliminate remaining finer particles. The pH value of the extracts was 
always near the neutral point. 

The histamine content of the various extracts, abdominal fluids and plasmas was 
assayed on the isolated and atropinized (10~? atropine sulphate) guinea-pig ileum, 
suspended in aerated Tyrode-solution at 36 °C. The amounts of histamine were 
compared with a standard solution of histamine-2HCI (10-5). The values given 
here refer to histamine base. The specificity of the action was checked by means of 
Antallergan = mepyramine maleate (10~*). 


Experiments to prove histamine release 


The anaesthesia of the animals was accomplished with Thiogenal (Na salt of 
methyl-thioethyl-2’-pentylthiobarbituric acid) 0-5 ml 5 per cent/100 g in the case 
of rats and with 5 per cent chloralose in 25 per cent urethane (70 mg chloralose/kg) 
in the case of cats. 

To test the histamine release from mast cells, rats of the Wistar strain (average 
weight 180 g) were given injections of 15 ml of the extract intraperitoneally. The 
abdominal fluid was withdrawn 5 to 20 min after the injection and tested for 
histamine content (ANTWEILER, 1959). Two to four hours afterwards parts of the 
fresh, transparent mesenterium of the living rats were dissected and spread on 
cover-glasses, fixed by methanol and stained with toluidine-blue (1 per cent) for 
microscopical examination. 

The effect of extracts on arterial blood pressure of the cat was measured from 
the carotid artery with a mercury manometer using sodium carbonate solution as 
connecting fluid. To prevent blood clotting, sulphoxylanester (Boehringer) was 
given intravenously (0-02 g/kg). The extracts and the other substances tested in 
cats were introduced by the femoral vein (generally 2 ml/20 sec). Blood samples 
were taken from the femoral vein of the other leg before injection and 1, 5 and 
30 min after to test the amount of histamine in the plasma on the isolated guinea 
pig gut (as described before). 

The respiration of the tracheotomized cats was recorded from the movement of 
the thorax. 

The histamine releasing ability of the extracts in rabbit blood was assayed in vitro 
by adding the extracts (3 ml) to heparinized blood (8 ml) obtained by cardiac 
puncture. In control experiments the extraction medium only was substituted for 
the dust extract. The mixtures were then incubated for 5 to 30 min at 37 °C before 
testing. 

The inhalation of dust and extract aerosols by guinea-pigs (average weight 300 g) 
took place in a vessel of 151. volume. The aerosols were prepared by a Pari-optimal- 
generator, which delivered particles of 5 «4 maximum (0-3 ml extract/min). 

Perfusion of the isolated guinea-pig lung was carried out with Tyrode-solution 
at 37°C. The solution flowed through the bronchial system from the trachea to the 
peripheral pleura membrane which was pierced many times with a fine needle. 
The perfusion pressure was 200 mm w.g. The effects were recorded by counting 
the drops falling from the lung. 
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RESULTS 
Effects in rat experiments on mast cells of the peritoneum, on the rat paw and on the 
uterus of the oestrus rat 


The cotton dust extracts caused a liberation of histamine from the mast cells 
of the rat peritoneum. As regards the effect on guinea-pig ileum, a quantity of 
about 20 ug histamine was estimated to have been released into the peritoneal 
cavity by the extract from | g cotton dust. When the intraperitoneal injection was 
repeated on the same animal, the amount of liberated histamine decreased to about 
one half of the quantity observed after the first injection. Microscopically, the 
mast cells of the mesenterium had not in general been disrupted by the extracts, 
but the staining qualities of the cells had changed. There was seen a less pronounced 
metachromatic staining of the granules in the mast cells. 

If the extracts were injected (0-1 ml) subcutaneously in the rat paw (ANTWEILER, 
1955) after prior intravenous introduction of trypan-blue (1 ml, | per cent), a med- 
ium sized oedema of rich blue colour developed in about 20 min. 

The extracts produced a remarkable contraction of isolated uterus of the oestrus 
rat. This concentration was not antagonized by Antallergan (10~8/10~*). Dihydro- 
ergotamine (10~*), reserpine (10~*) and atropine (10~®) also failed to show a distinct 
antagonism. Only when higher concentrations were used (Antallergan 10~°, atro- 
pine 10-5, reserpine 5-10~*), did the contraction slowly diminish. Adrenaline and 
nor-adrenaline were effective in concentrations of 10-* and 10-8 respectively. 


Blood pressure and respiration effects in the cat 


The intravenous injection of small or medium amounts of extracts in the cat 
produced a delayed but profound and long-lasting fall of arterial blood pressure. 
The onset of the depression began 25-30 sec after injection. The magnitude of the 
fall of blood pressure was up to 100 mm Hg, according to the amount of extract 
injected. The depression was reduced by about one half in a few seconds and then 
gradually returned to the base line in a period of between 10 to 120 min. The 
character of the depression was exactly the same as in compound 48/80. 

If greater amounts of extract were given, a histamine-like fall of blood pressure 
was found additionally within the very first seconds after injection, whose extent 
was only one-third or a quarter of the delayed depression (Fig. 1). 

A second intravenous injection of the extract still produced a depression 
response, but it was less effective, and further injections remained without any 
effect on blood pressure. Together with the fall of blood pressure, the respiration 
suddenly became smaller or apnoeic. With the recovery of the blood pressure the 
ventilation slowly returned to normal. 

After prior injection of Antallergan (50 ug) the action of the extract was much 
reduced in almost the same manner as the effect from compound 48/80. 

The histamine content of the blood increased after intravenous injection of the 
extract, as could be demonstrated by adding the plasma of the cats to isolated 
guinea-pig ileum. Increase of blood histamine from below 0-1 to 0-2 «g/ml plasma 
was seen only | min after injection, but reached its maximum (0-25 ng/ml 
plasma) after 5 min. Thirty minutes later the amount of blood histamine had 
nearly returned to its normal value. Apart from the histamine effect there also 
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Fic. 1. Cat. female, 3 kg. Above: mechanics of respiration. Below: arterial blood 
pressure. At E, intravenous injection of 5 ml cotton dust extract. At R, rest for 
10 min. 


(Facing page 154) 
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existed a “‘slow contracting substance”’ in the plasma as was shown earlier by 
PATON (1951) after the action of compound 48/80 (Fig. 2). 


Effect on rabbit blood in vitro and in vivo 


When rabbit blood was incubated with cotton dust extracts for 5 min, in the 
manner described above, the amount of plasma histamine increased 10 times 
(from about 0-3 to 3-0 «g/ml) as compared with control experiments in pharmaco- 
logical assay (Fig. 3). 

Intravenous injection of 5 ml of extract produced a rapid fall of the plasma 
histamine and a decrease of the number of platelets from normal 489,000 to 
205,000/mm* blood within 3 min. After 30 min the number of platelets had again 
reached 460,000/mm* (mean value of 3 rabbits). The result of the histamine evalu- 
ation in the in vivo experiment in rabbit is not instructive, because the conditions 
seem to be very difficult to judge in this animal (PATON, 1957). 


Experiments on guinea-pigs 

Guinea-pigs which inhaled aerosols of extracts or of dust for 2 hr were not 
seriously shocked. Only some light dyspnoeic symptoms, such as increased snuffing 
and cough, could be observed. 

However, in isolated perfused lungs, the addition of small quantities (1 ml) of 
the extracts to the perfusing Tyrode-solution provoked a considerable broncho- 
spastic reaction, which finally resulted in the cessation of perfusion. 

Intracardial injection (up to 4 ml extract) did not produce any severe effects. 


DISCUSSION 

It was mainly the effects of the cotton dust extracts on mast cells of the rat 
peritoneum, on the blood pressure of cat and on rabbit blood in vitro that made 
us conclude that cotton dust contains, apart from a small amount of histamine, an 
additional histamine-liberating factor. The effect of this histamine-liberating factor 
surpasses by several times the effect of the histamine in cotton dust. 

The chemical nature of the liberating factor is still unknown. But we think 
that it is not a protein because we were unable to find any protein in our extracts. 
At first we thought that there was some correspondence with the action of sero- 
tonine, but the results of our experiments, above all the failing antagonism of 
reserpine and dihydroergotamine, do not agree with this supposition. 

It is interesting to note that only the extracts of genuine cotton, of the dust of 
uncleaned cotton and, above all, of the shreds of cotton plants and seeds, showed 
the histamine-liberating activity. The extent of the reactions elicited by the different 
extracts corresponded in the various animal experiments. The cotton “wool” 
itself probably had no liberating activity. 

Since the liberating property was found only in the dust of cardrooms and not 
in the dusts of other working places in the cotton industry, we believe that there is 
some relation between the liberating substance in the cotton dust and the broncho- 
spastic symptoms known in cardroom-workers. This might also provide an explan- 
ation of the strange fact that cardroom-workers’ troubles appear mainly on 
Mondays, after a break in exposure, and become less pronounced during the fol- 
lowing days of the week. There may be an accumulation of histamine in the lung 
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during the cessation of work which permits a stronger liberation of histamine from 
the mast cells than on the following days when the greater part of histamine has 
already been released. 

Yet it remains unsolved why the first trouble from cotton dust does not generally 
begin until after five years of employment in the cotton industry. 
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BOOK REVIEWS 


Pneumoconiosis Abstracts, Volume III, 1951-1955. Published for the Bureau of 
Hygiene and Tropical Diseases by the Pitman Medical Publishing Co. Ltd. London, 


1959, viii+376 pp., 65 


THE first two volumes of abstracts collected from the Bulletin of Hygiene have been 
useful to many people who are concerned with dust and dust diseases. Now, with 
the appearance of the latest, the results of thirty years’ efforts to unravel the prob- 
lems of pneumoconiosis are available to all, classified, indexed, expertly abstracted 
and well produced. 

Access to the three volumes is essential to research workers and clinicians in 
this field. Their educational value to a much wider circle of readers inspires the 
hope that they will be widely distributed. 

Inevitably, with the growth of activity, the character of the volumes changes. 
The first covered thirteen years with an average of twenty-four pages a year; the 
third covers five with an average of seventy-one. Thanks to the author and subject 
indexes it is still simple to refer to individual papers, but more attention might 
have been given to indexing points of detail and the trends of research are less easy 
to identify over the shorter period. The wealth of material hinders the recognition 
of genuine salients in the field of knowledge. 

Gaps in our understanding of pneumoconiosis are more readily revealed. There 
is disagreement about the role of phagocytosis in clearing the alveoli of dust, one 
worker claiming that when filled with dust the mobile cells become incorporated 
in the alveolar wall so that deposits of dust build up which appear to be in inter- 
Stitial tissue; others believe that dust particles are carried through the alveolar 
membrane in fluid propelled by respiratory pressure with no intervention by 
phagocytes; another states that excretion of the deposited dust from the alveoli to 
the ciliated epithelium is performed by the lymph stream while migration to the 
lymph glands, which is responsible for permanent retention, is entirely the pre- 
occupation of the phagocytes. 

The reason for these differences of opinion lies, of course, in the extreme 
difficulty of making valid experiments; to one trained in an exact science it seems 
that progress might be better served if the borderline between observation and 
speculation were more closely defined and the former subjected to stricter control. 

Aluminium therapy is likewise the subject of contradictory reports. In its support 
we are told of the absence of unfavourable changes after several years’ prophylaxis, 
of the satisfaction expressed by workers, of the good response of silicotics with 
thickened aveolar walls due to the presence of damaged phagocytes (how, one 
wonders, was this confident diagnosis made ?). The fibrogenic action of quartz in 
animals is claimed to be reduced by aluminium and the rate of phagocytosis 
increased; physical chemistry shows that the solubility of quartz is substantially 
lessened but cannot yet explain what the solution of silica has to do with silicosis. 
Another paper advocates the prophylactic use of aluminium because of its floc- 
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Against aluminium therapy is an account of the development of experimental 
silicosis unimpeded by the presence of aluminium, and a claim to have demon- 
strated that aluminium dust itself is fibrogenic. 

The search for a basic physicochemical mechanism for the fibrogenic action of 
silica continues unrewarded by success, probably because insufficient is known 
about the general mechanism of the cell. Advance on this front, however, is rapid 
and though unrecorded in the volumes of pneumoconiosis abstracts its effect is 
apparent in the destruction by sceptics of previously proposed theories of silicosis. 

The piezoelectric theory, the freshly-fractured surface theory, the idea that the 
potential fibrogenic power of dust is a direct function of its surface area, even the 
long-favoured solubility theory, are each decisively eliminated by studies abstracted 
in this third volume. 

The nature of the solution of silica and the conditions under which polymeriza- 
tion takes place are made clear. The innocuous nature of monosilicic acid is con- 
firmed; polysilicic acid is suspect, but its formation in the lung and its fibrogenic 
action are doubtful. A fibrogenic action as distinct from a toxic one on the part 
of colloidal silica is both claimed and denied. 

If solubility goes out adsorption must enter and new theories put forward echo 
physicochemical concepts of the last thirty years. Parallels between the quartz 
lattice and the structure of organic substances are found; the negative surface 
change carried by quartz particles in liquid suspension is studied; the nature of 
the surface of colloidal particles of silica in solution is explored. Adsorption of 
proteins on silica and of silicic acid on protein have been investigated and a theory 
of fibrogenesis is put forward involving interference with the polysaccharide 
matrix in which collagen fibrils are embedded in connective tissue. 

From this area of doubt and speculation it is refreshing to turn one’s eyes to 
a wider and less cultivated field, replacing the electron microscope of pure science 
by the field glasses, used the wrong way round, of statistics. Several papers confirm 
the association between asbestosis and cancer of the lung. No analogous con- 
nexion is found between cancer and silicosis but there are several reports of the 
latter disease and of coal miners’ pneumoconiosis predisposing to arthritis. Statis- 
tical analysis is employed in a number of papers dealing with health risks associated 
with welding and the Italian pre-occupation with the cement industry is continued. 
Eight pages of abstracts deal with organic dusts, including cotton. 

Interesting applications of statistics to help the individual physician are seen 
in studies of errors in taking medical histories and in reading chest X-rays. 

An outstanding achievement of the period was the establishment of the “‘entente 
radiologique”, an agreed international system of classifying the severity of pneumo- 
coniosis from X-ray pictures. Similar agreement on the use of such words as 
silicosis, pneumoconiosis, silico-tuberculosis, etc., has not yet been attained. 

In the clinical field no less than thirty papers deal with tests of respiratory 
function but there is little indication of their diagnostic value for other than ad- 
vanced cases. A search for an immediate effect on respiration of exposure to dust 
was negative. 

Treatment of pneumoconiosis patients with and without broncho-striction by 
the oral administration of cortisone failed to give any beneficial effect but there 
are accounts of therapeutic improvement in silicosis by various drugs and in 
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tuberculosis, in the presence of silicosis, following administration of streptomycin 
and, less markedly, of chemotherapeutic agents. A very careful evaluation of the 
treatment of complicated pneumoconiosis with isoniazid showed a slight, but 
statistically insignificant, favourable effect. A strong case, based on animal experi- 
ments, is made against BCG vaccination of silicotics since the presence of silica in 
the lungs might result in the BCG becoming virulent. 

The theory that very fine particles, below 0-1 micron, are largely responsible 
for silicosis rather antedated the period of this third volume of abstracts which 
contains only one paper promulgating the idea. From it stems the large-scale use 
in mines of saline aerosols which are supposed to reduce the deposition of dust in the 
lungs and to coagulate air-borne dust. Several papers, not unrelated in their origin, 
are concerned with this. From another country comes a realistic paper which shows 
how little such aerosols can influence a typical pneumoconiosis-producing dust 
cloud. 

The success of dust control by water sprays and water infusion caused much 
attention to be given to the development of these processes during the five years 
to 1955 and there are several papers on the use of wetting agents. The salt-crust 
process for keeping dust down in mine roadways was being tested in Germany on 
a large scale. Firm recommendations were made for tackling the problem of 
cotton dust in cardrooms. 

The sampling of dust during the period benefited from the results of several 
laboratory studies of the performance of dust sampling instruments; the importance 
was demonstrated of assessing the risk of pneumoconiosis, due to insoluble dust 
particles, in terms of the number of particles which were in the size range able to 
reach the lung alveoli and not by the totality of air-borne dust or by such part as 
the peculiarities of the sampling instrument caused to be collected in the sample. 


C. N. DAvies 


Aspects of Health Care and Society. Van Gorcum, Assen, 1959. 248 pp. Biblio- 
graphy of Prof. Burger’s papers. 12.50 Dutch Florins. 


Tuts book of ten essays by various authors is dedicated to Prof. G. C. E. BURGER 
on his retirement as Director of the Philips’ Health Centre at Eindhoven. An 
introductory chapter describes the pioneering role that he played in the develop- 
ment of Occupational Health in the Netherlands. A bibliography of 158 of his 
publications indicates both the breadth of his activities and his industry. 

The essays follow a theme describing the social background of Holland and the 
development of preventive medicine, as a whole, and of occupational health in 
particular. The place of the Philips’ Health Centre in this development is described. 
There is, rather surprisingly, a chapter on the development of radiology and another 
on international health care. 

Among the best chapters is one by MUNTENDAM. The illogicality of attributing 
many downward trends in mortality figures directly to medical therapeutics, when 
other features of the social environment are also changing, is pointed out. The 
scope of preventive medicine, and the place that occupational health should play 
in it, is ably and enthusiastically described. FORSSMAN contributes a thoughtful 


ol. 2 
59/60 


160 


Book Reviews 


résumé of the development of occupational health in different countries. The 
similarities of some problems, such as that of the older worker, and the dichotomy 
of public health and factory health services are discussed, together with differences 
in the method of tackling them. 

The last, and very stimulating essay, is by Sorrers, the Senior Medical Officer 
of the Philips’ Health Centre. He outlines some of the changes that family doctors 
might adopt to bring their activities more in line with the current practice of 
preventive medicine. The various types of organization, such as partnerships and 
group practices, that might facilitate these new activities are discussed. The proper 
place and function of the Philips’ Health Centre, with its staff of 140 (35 doctors) 
in a comprehensive health service, is outlined in a most thoughtful manner. A 
complete family doctor service, and some medical specialities, are incorporated 
with the more purely industrial medical service. So too is the doctor who in the 
Netherlands is responsible for the supervision of health insurance claims. In this 
way many of the problems of co-ordination, which in Britain involve Industrial 
Medical Officers with different branches of the National Health Service and 
Ministry of Pensions, have been brought under one roof. That it has not yet 
integrated all of them provides the challenge that the Centre still faces. 

Various chapters in this book will be of interest to many, but few will wish to 
read them all. 


C. H. Woop 


Joint ILO/WHO Seminar on the Nurse in Industry, London, 25 April-4 May 1957. 
Based on a report prepared by the Regional Office for Europe of the World Health 
Organization. 57 pp., 4 appendices. Obtainable from Regional Office, WHO, 
Copenhagen, Denmark. 


THE seminar on the nurse in industry met to obtain information on occupational 
health nursing in European countries, to discuss the essential functions of the 
nurse and her role in the occupational health team, and to consider acceptable 
standards for her professional education. ; 


ENVIRONMENTAL FACTORS AFFECTING THE HEALTH OF WORKERS 

The objective of the occupational health nurse is to ensure that workers can 
pursue their daily activities without detriment to their health. It is necessary that 
the work be considered in conjunction with the particular environment in which 
it is performed. 

Industrial methods and techniques produce general needs concerned with 
hygiene, which are further complicated by special risks related to occupational 
accidents and diseases, and the psychological and physiological effects of working 
conditions. This necessitates close collaboration between nursing staff and manage- 
ment to secure the maximum degree of preventive action. While much of this 
responsibility lies with the management, initiative must be taken by scientific 
research personnel as well as the occupational health team, to bring new techniques 
to its notice. 
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DUTIES OF THE NURSE AND HER RELATIONSHIPS IN INDUSTRY 

The work of the nurse varies greatly between countries, and little information 
is available on the subject. However, an occupational health team should consist 
essentially of an Industrial Medical Officer, Occupational Health Nurse, Personnel 
Officer, Safety Officer and an Industrial Hygienist. The duties of the nurse will 
naturally vary according to the composition of the team, and no rigid rules can 
apply due to the diversity of conditions under which she works. In general they 
will include the following: minimization of the ill effects of injury or sickness; 
organization of the reintegration or rehabilitation of disabled persons; prevention 
of accidents and of physical and mental illness; organization and administration 
of the nursing service; and training and supervision of first aid and auxiliary 
personnel. From this list it is obvious that the occupational health nurse requires 
special qualities and knowledge not always essential in hospital work in order to 
make a success of her work. Personality plays a large part, as she must appreciate 
the importance of the human being, as apart from the patient. An adaptability of 
approach, and a knowledge of the particular workplace, and of its associated 
vocabulary, is essential in order to gain the confidence of the workers. 

Education in health and in accident prevention is a vital, but difficult, aspect of 
the nurse’s work, requiring tact if resentment is not to be incurred. Being removed 
from both employer and employee she is in a good position to exert her influence 
in the preventive field, and well-kept records of her work are invaluable in substan- 
tiating her arguments. 

Co-operation with members of the public health services provided by the 
community is essential in order to avoid duplication of work and to make the 
fullest use of these services. The nurse must be fully conversant with the firm’s 
arrangements in conjunction with state schemes which constitute social service for 
the workers. 


THE NURSE’S RELATIONSHIPS WITHIN THE FIRM 
1. The management 
This is very important and must be clearly defined from the outset. The occu- 
pational health service must be independent of the management since the promotion 
of the health of workers and the improvement of production do not always 
coincide. 


2. The industrial medical officer 
The position is of a doctor and his immediate assistant, and she should be of 
invaluable help to him through her frequent contact with the workers. 


3. Social workers 

Where both nurse and social worker are employed they should collaborate, and 
on no account should one be made senior to the other. Their work is roughly 
divided, the nurse’s interests lying in the prevention and treatment of disease or 
injury, rehabilitation and promotion of health, while the social worker concerns 
himself mainly with the resolution of conflict between the worker and his environ- 
ment and the promotion of his well-being. 
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4. Senior and supervisory staff 

The establishment of good relations here may be difficult since the supervisory 
staff often resent the intrusion of the nurse in the workshops. Patience and tact, 
and the non-assumption of authority may be of help. 


5. 


Workers 


The employee is the first concern of the nurse, and a flexible approach is required 
when dealing with different groups. The aim should always be to gain the worker's 


confidence. 


6. Head nurse 
She must assure herself that in dealing with the needs of the factory those of 


her nurses are not neglected. 


FACTORS AFFECTING NURSING SERVICE REQUIREMENTS 

The smaller factory may have more problems than the larger, since a full-time 
occupational health service may be beyond its means. Here a shared or part-time 
service is of value, a practice which is developing in France and Sweden. The nature 
and extent of the work often determine the prevalent types of accidents, and hence 
the facilities of the service and the qualifications of the nursing personnel. Location 
of the workplace and proximity to National Health hospitals and doctors will also 
determine the necessary facilities. In factories occupying a large area the nursing 
services should be, in general, distributed as follows: in the workshops, first-aid 
boxes and a first-aid worker; in each department, a modified first-aid post; and for 
the whole workplace, a fully equipped first-aid centre. The facilities at this centre 
will vary, but should provide some or all of the following services: periodic examin- 
ation of the workers, a diagnostic service, treatment and dispensary, provision for 
mass radiography, injections, etc., laboratory services, and a traumatological service. 


PROFESSIONAL EDUCATION OF THE OCCUPATIONAL HEALTH NURSE 

This falls into four groups: general, basic professional, specialized, and more 
advanced education. 

After the widest general education possible the basic professional training 
should provide a foundation for nursing practice in all fields, and for further 
specialization and advanced nursing. Prior to becoming an occupational health 
nurse it is advisable to have hospital experience as a staff nurse, and so become 
fully competent, since her future work will often be alone, with only limited guid- 
ance. Scholarships should be provided for nurses wanting to specialize in the 
occupational health field to enable them to devote full-time study to the extensive 
extra curriculum necessary. Once she is suitably qualified she must realize the need 
to continue learning throughout her professional life in order to keep abreast of 
the advance in knowledge. Apart from individual study, group activities such as 
conferences, refresher courses, etc., are valuable for keeping in touch. Advanced 
training is necessary for those wishing to become administrators, teachers or 


consultants. 
The contacts made during the seminar were found very helpful, and it was 
suggested that a further meeting be held in 1959. 


Iris GREENLEAVES 
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NOTES 


Progress in Occupational Medicine 

A Swiss publisher, Verlag Karger in Basel, intends to start a series of publica- 
tions at irregular intervals which will appear either in English, French or German 
under the title “Progress in Occupational Medicine”. Each publication is supposed 
to consist of three to four papers, each containing thirty to forty printed pages. 
Professor J. RUTTNER, who will be the chief editor, would like to know the names 
of British scientists working in the field of industrial medicine who might be 
interested. His address is Kantonsspital Ziirich, Histopathologisches Institut der 
Universitat, Schmelsbergstrasse 10, Ziirich, Switzerland. 


The International Occupational Safety and Health Information Centre (C.1.S.) 
(established by the I.L.O. in co-operation with the I.S.S.A.) 


With the growing complexity of science and technology has come an increasing 
demand for information—systematic, complete and prompt information—on new 
points, methods and means to which accident prevention and health protection in 
industry throughout the world continuously give rise. The need for information of 
this kind is felt by plant managers, safety engineers, industrial physicians, labour 
administration and social security officials, organizations of employers and workers, 
scientists, research workers, technical education specialists and, more generally, all 
those who in whatever capacity play some part in prevention. 

It is to meet this need that the International Occupational Safety and Health 
Information Centre has been founded in Geneva by the International Labour 
Office (1.L.O.) jointly with the International Social Security Association (I.S.S.A.), 
and with the co-operation of the following national institutions: 


The Royal Society for the Prevention of Accidents (Industrial Safety Division), 
London. 

Centrale Dienst der Arbeidsinspectie (Central Office of the Labour Inspectorate), 
The Hague. 

Kungl. Arbetarskyddsstyrelsen (Royal Workers Protection Board), Stockholm. 

Institute National de Securité (National Safety Institute), Paris. 

Association des Industriels de Belgique (Belgian Manufacturers’ Association), 
Brussels. 

Caisse Nationale Suisse d’Assurance en cas d’Accidents (Swiss National Acci- 
dents Insurance Institiute), Lucerne. 

Ente Nazionale per la Prevenzione Degli Infortuni (National Institute for the 
Prevention of Accidents), Rome. 

Bundesinstitut fiir Arbeitsschutz (Federal Institute for Labour Protection), 
Coblenz. 

Allgemeine Unfallversicherungsanstalt (Unfallverhiitungsdienst) (General Acci- 
dent Insurance Institute—Accident Prevention Service), Vienna 20. 


The essential aim of this joint undertaking, which will combine the efforts of 
the various national documentation centres in the field of prevention, is to furnish 
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all interested quarters systematically and rapidly with information on subjects 
such as: 


Dangerous substances, chemical and industrial; 

Physical agents (radiation, electricity, noise, dust, etc.); 

Industrial equipment and processes; 

Protection against fire and explosions; 

Classes of workers exposed to special risks; 

Safety and hygiene of workplaces; 

Occupational pathology and traumatology; 

Occupational physiology and psychology; 

Organization of technical and medical prevention (labour inspection, safety 
services and industrial medical services in the undertaking, education and 
training of personnel, legislation, etc.); 

Prevention problems peculiar to certain sectors of economic activity or certain 
countries. 


The regular information service will begin in January 1960. The information 
will be supplied on cards of the international library size, 3 x 5 in. (7-5 x 12-5 cm) 
to persons and institutions that have taken out subscriptions. During the first few 
years it is estimated that an average of from 4000 to 5000 cards a year will be 
issued. The cards will be despatched in packets every three or four weeks to begin 
with. They will contain a bibliographical notice and an abstract of the text in 
question, mention of the originating national centre (to allow for requests for 
additional information), and a reference to a classification system specially devised 
to meet documentary requirements in the domain of prevention. 

As is the case with bibliographies, the International Occupational Safety and 
Health Information Centre will only publish each item of information once, that 
is to say, on only one card. However, the necessary cross-reference cards will be 
prepared and sent without extra cost to subscribers so as to enable them to form 
complete and up-to-date alphabetical key indexes. 

As far as possible, the original publications to which the cards refer will be 
kept and classified in the national centres as in the International Centre. On request, 
subscribers may obtain at cost price photocopies and microfilms of abstracted 
texts that they cannot obtain directly. 

Subscriptions to the card service of the Centre (in English, French or German) 
may be taken out from now onwards. Only global subscriptions can be taken out 
for the cards. 

As this is a public service the cost of subscriptions has been made as low as is 
compatible with the requirements of sound management of a non-profit making 
institution. The price has been fixed so as to cover printing and postal expenses 
and a part of translation expenses. 

For all additional information please apply either to one of the national insti- 
tutions mentioned above or directly to the International Occupational Safety and 
Health Information Centre, I.L.O., 145 route de Lausanne, Geneva, Switzerland. 
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The Forensic Science Society 


A decision to form a Forensic Science Society was taken at a well-attended 
meeting held at Nottingham University on 31 October. The object of the society 
is to advance the study and application of forensic science in all its branches. 
With this aim in view, a series of symposia, to be held alternately in London and 
in the provinces, is being arranged. Among the subjects suggested for discussion 
are Blood, Hypoglycaemia, Street Accidents, and Instrumentation. 

All persons professionally interested in forensic science are eligible for member- 
ship. The president of the society is Dr. J. B. FirtH, and the secretary Dr. E. G. C. 
CLARKE of the Royal Veterinary College, London, N.W.1., from whom further 
information can be obtained. 


Appointment of Two Assistant Editors 


In view of the expanding field of occupational health, the Editorial Committee 
has decided to appoint two assistant editors. These two editors will handle respec- 
tively book reviews and news. 


Dr. Georrrey G. MATHEW, Dr. JoHN R. GLOVER, 
M.B., B.S., D.1.H.., M.A., M.B., B.Chir., D.1.H., 
Richard Thomas & Baldwin’s Ltd., Westinghouse Brake and Signal Co., Ltd., 
Spencer Works, Chippenham, 
Llanwern, Newport, Wilts. 
Monmouthshire. Chippenham 2881. 


Dr. MATHEW will be interested in receiving books and periodicals concerned 
with occupational hygiene, industrial medicine and other relevant subjects. He will 
also be responsible for arranging a review of new instruments connected with 
occupational hygiene. It is hoped that research workers and manufacturers will co- 
operate in providing this service which should be of considerable use to readers. 

Dr. GLOoverR’s sphere will be news items of interest to everyone working in 
occupational hygiene. He will cover appointments of members of the society, and 
of other occupational hygiene societies throughout the world; pass on news of new 
laboratories being erected, and of research projects being organized by institutes 
or individuals; be responsible for giving advance news of conferences and meetings 
of occupational hygiene in any country; and finally, he will be pleased to receive 
interesting items of news such as new legislation, scholarships, awards, and the like. 
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Papers to be published in future issues 


T. Beprorp: Requirements for satisfactory heating and ventilation. 

B. G. Lawrence: An outline of air conditioning. 

A. R. Linp: The effect of heat on the industrial worker. 

J. BiLLINGHAM: Cabin air conditioning in military aircraft. Part 1—Physiological 
aspects. 

D. J. Day: Cabin air conditioning in military aircraft. Part Il—Engineering 
aspects. 

S. Mites: New problems in submarine habitability. 

J. R. Hopkinson: Colloquium on aerosol technique, Mainz, Germany. 


J. R. Hopkinson: Reproductibility and correlation of long-period and short- 
period thermal precipitator samples of airborne dust in mines. 


L. Opp and V. VASAK: An indirect method for measuring ventilating rates. 
P. F. Hott and D. K. YounG: A dust-feed mechanism suitable for fibrous dust. 


F. M. ENGeLBrecut, B. F. THiart and A. CLAASSENS: Fibrosis and collagen in 
rats’ lungs produced by radioactive mine dust. 


R. R. A. Cores and J. J. KNiGut: Auditory hazards in a diesel engine testhouse. 
W. R. Lee and G. J. AppLeton: A defective radioactive source in industry. 
E. J. Poutier: Occupational health in Ceylon. 


G. C. F. BurGer and R. Frant: Occupational health in the Netherlands. 
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Ann. Occup. Hyg. Vol. 2, pp. 167-177. Pergamon Press Ltd., 1960. Printed in Great Britain 


REQUIREMENTS FOR SATISFACTORY HEATING 
AND VENTILATION 


THOMAS BEDFORD 
| Belgrave Road, Ilford, Essex 


Abstract—Obvious requirements are the maintenance of a suitable level of warmth 
and of an adequate supply of fresh air. The distribution of warmth throughout the 
occupied space is also important—excessive thermal gradients cause discomfort. Some 
air movement is necessary for comfort, but draughts should be avoided. 

These basic requirements and their implications in the practice of heating and venti- 
lating are discussed. 


INTRODUCTION 

Ir a heating and ventilating installation is to be satisfactory it must provide an 
adequate supply of fresh air and maintain a suitable thermal environment. It is 
clear that the heating and ventilation of a building must be considered together, for 
the amount of heat required in winter depends largely on the rate of ventilation, 
while in summer, unless there is provision for air conditioning, the amount of 
ventilation should be enough to prevent the indoor temperature from rising 
unduly. Thus, arrangements for ventilation are not concerned only with the 
provision of an atmosphere of the required purity but also with the maintenance 
of a satisfactory physical environment. 


FRESH AIR REQUIREMENTS 

Ventilation is required to maintain a respirable atmosphere, to remove unpleasant 
odours and infective material, and where toxic substances are dispersed into the 
atmosphere the ventilation must also be sufficient to ensure that the concentrations 
of such substances are kept below the danger thresholds. 

In any ordinary building there will almost certainly be enough infiltration of air 
to ensure that the atmosphere is respirable, in the sense that the concentration of 
oxygen will be sufficient and that of carbon dioxide not excessive. Most of the 
standards of fresh air supply that have from time to time been proposed have been 
based on the amount of air needed to render body odours imperceptible, or at 
any rate inoffensive. From the results of research carried out in the United States 
(YAGLOU et al., 1936) it appears that the amount of fresh air desirable on this basis 
is about 1000 ft®/hr for each occupant, and that a supply of 600 ft*/hr should be 
regarded as the minimum. 

It is difficult to set a minimal standard of ventilation for the prevention of the 
spread of airborne infection, but ANDREwes ef a/. (1940) concluded that no 
method for the control of infection is as effective as adequate spacing of individuals 
combined with adequate ventilation, and that ultra-violet light and bactericidal 
mists are of value only as second-rate substitutes where proper spacing and ventila- 
tion cannot be achieved. 
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The amount of general ventilation necessary for the removal of toxic materials 
from a factory will clearly depend on the amount of such material that is dispersed. 

From the foregoing it seems desirable that the supply of fresh air in winter should 
be at the rate of 1000 ft® hr per occupant, and that it should not be less than 600 
ft?/hr, while in summer much more copious ventilation is necessary unless the 
building is air conditioned. 


THE THERMAL ENVIRONMENT 

The four factors of the physical environment which affect our thermal sensations 
are the temperature, humidity and speed of movement of the air, and the radiation 
from the surroundings; and if the thermal environment is to be completely specified 
all these must be taken into account. In practice it is commonplace to refer merely 
to the air temperature, and that is a fairly adequate index in many situations 
where the air movement and humidity are moderate, and where the surroundings 
are approximately at air temperature. On the other hand, if there are significant 
radiation effects, or if the humidity or air speed is high, the air temperature by itself 
may be misleading as an index of comfort. In such circumstances a scale of warmth 
which makes suitable allowance for each of the four factors is desirable. One such 
scale is the American scale of effective temperature when an adjustment is made 
to allow for radiation effects; that is, the so-called scale of “Corrected effective 
temperature” (BEDFORD, 1946). It has been shown that this scale correlates well 
with subjective feelings of warmth (BeprorD, 1954). 


COMFORT ZONES 

It is a matter of common experience that people vary in respect of the degree of 
warmth that they need for comfort, and the requirements of any individual vary from 
time to time. Variations in clothing, in muscular activity, in age, bodily build and 
state of nutrition, and, of course, acclimatization, all tend to affect one’s require- 
ments of the thermal environment or one’s responses to it. Probably in addition 
to any physiological adaptation such as is connoted by the term “acclimatization”, 
there is a strong psychological element. We tend to become inured to our customary 
environment, and to tolerate conditions which would evoke strong complaint from 
others. 

It is thus obviously impossible to fix a given degree of warmth for a room with 
the certainty that it will please all the occupants. But in large buildings those respon- 
sible for central-heating plants must work to set conditions, and it is clearly helpful 
if the temperature which is likely to be acceptable to most people is known. It is 
desirable, too, that the permissible deviation from the standard temperature should 
be known, for unless there is good automatic control of a heating installation it is 
impracticable to maintain a given temperature with any precision. It is therefore 
of considerable practical importance that we should know the limits of the comfort 
zone. 

An extensive study was carried out in British factories during the winter months 
on persons who were engaged in sedentary or very light industrial tasks. Most of 
the workers were women and girls, and most were seated at their work (BEDFORD, 
1936). The ranges of thermal conditions encountered in the study are indicated 
in the table below. 
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Air temperature 
Mean radiant temperature .. 67:1 °F 54-80 °F 

Water-vapour pressure 72mmHg 5-14 mmHg 
Air speed 31 ft/min 10-100 ft/min 


The most comfortable level of warmth was represented by an effective tempera- 
ture of 61 °F, or an air temperature of 65 °F. 

In deciding what shall be regarded as the comfort zone, the criteria by which the 
limits are fixed are obviously of great importance. In some instances there have 
been put forward zones at the limits of which 50 per cent of people would be expected 
to experience discomfort. Such a zone is too wide, for if the temperature of a room 
is so high or so low that nearly half the occupants are uncomfortable the room can 
scarcely be said to be comfortable. In the British observations to which I have just 
referred, the comfort zone calculated on that basis extended over a range of 14 °F 
of effective temperature, or one of 18 °F of dry-bulb temperature. Clearly the range 
was too wide for practical application. Scrutiny of the results showed that over the 
range of conditions in which not less than 70 per cent of the subjects were quite 
satisfied, never more than 14 per cent experienced discomfort, and that range was 
accepted as the comfort zone. On that basis the zone extended from 57 to 63 °F 
effective temperature, or, in terms of the air temperature, from 60 to 68 °F. 

More recently, LeopoLp (1947) has referred to the close tolerance that may be 
necessary to satisfy a group of people, even though individual tolerances may be 
wide. A few years ago I had outstanding confirmation of such a need. On account 
of complaints by Members of Parliament I was asked to examine the heating and 
air-conditioning installation in the rebuilt House of Commons. From a record of 
complaints it became evident that, whatever the tolerances of individual Members, 
it was necessary to control the temperature within very narrow limits if complaints 
were to be kept to a minimum. I recommended that during ordinary sittings of 
the House the temperature should be maintained at 67-68 °F, that during late 
sittings the temperature should be 1° or 2° higher, and that when the House was 
crowded the temperature should be reduced by 2° or 3°. I understand that since the 
temperature has been maintained within narrower limits complaints have been far 
less frequent. 

It has been mentioned that the optimum air temperature for persons doing very 
light industrial work was found to be 65 °F, whereas for members of the House of 
Commons a temperature of 67—68 °F was acceptable. For persons engaged in 
clerical work also a temperature of 67-68 °F is probably desirable. On the other 
hand, with greater physical activity lower temperatures are acceptable, and even 
desirable. A temperature of 60-65 °F will probably suit those engaged in active 
yet light work, while for heavier work yet lower temperatures will suffice. 

These figures relate to winter. In summer somewhat higher temperatures are 
generally acceptable, but any considerable increase above the temperatures desirable 
in winter is likely to lead to discomfort. 

In the United States, where people are habituated to warmer indoor conditions 
than are common in this country, and where clothing of lighter weight is generally 
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winter, but it is now recommended that in air-conditioned buildings the air tem- 
perature should be maintained at 73-77 °F, with a suitable relative humidity and 
moderate air movement. 


PLEASANT ENVIRONMENTS 

The maintenance of the desired general level of warmth, e.g. the desired effective 
temperature, does not necessarily ensure that the environment will be entirely 
satisfactory. Attention must also be paid to the distribution of heat and to the 
individual factors that make up the thermal environment. 

Even when the general warmth is satisfactory in the sense that one is neither too 
warm nor too cool, the conditions may leave something to be desired. The en- 
vironment may feel fresh and invigorating, or it may feel dead and stuffy. These 
feelings of freshness or of stuffiness are correlated with our sensations of warmth, 
in that both are conditioned by the thermal environment, but the feelings of fresh- 
ness are due to local stimulation of the skin and of the respiratory tract. It is upon 
these impressions of freshness or of stuffiness, and upon the distribution of warmth, 
that judgements of the satisfactoriness or otherwise of an installation for heating 
and ventilation largely depend. 

Many years ago my colleagues and I investigated the effects of the temperature, 
speed and humidity of the air on our impressions of freshness (VERNON et al., 1926; 
BEDFORD and WARNER, 1939; BeprorD, 1954). We measured temperature, humidity, 
mean air speed, and variability of speed, and at the same time noted our impressions 
of freshness or stuffiness on a nine-point scale. Excessive temperature or humidity, 
inadequate speed and uniformity of speed tended to cause feelings of stuffiness, 
while, within limits, cool, dry and moving air felt fresh and pleasant. 


(1) Air movement. At a temperature of 65 °F or so if the air speed is less than 
15 ft/min the atmosphere is likely to feel stuffy, but complaints of draught may 
arise with speeds in excess of 40 or 50 ft/min. BAETJER (1924) found that at such a 
temperature air movement was not perceptible at speeds less than 40 ft/min, and 
it seems that at ordinary room temperatures, perceptible air movement may evoke 
complaints, but that movement which is below the threshold of perception can 
exert a beneficial effect. In hot environments just-perceptible movement (120 ft/min 
at 86°F) may not cause complaint, but sedentary people may well dislike much 
higher speeds. 

In our study the variability of air speed was ascertained by making observations 
with a hot-wire anemometer at 2 or 24 sec intervals over a period of 5 min. The 
mean variation was expressed as a percentage of the average speed. In a series of 
observations when the average air temperature was 71 °F, and the average air 
speed 45 ft/min, when the temperature and average speed were held constant, 
there remained a highly significant partial correlation between variability of speed 
and impressions of freshness. The average value of this mean variation was 33 per 
cent, with a standard deviation of 10-6 per cent. The changes in air speed were 
random. 

Recently, TURNER (1955) studied the effect of mild currents of air impinging on 
the face. In calm air at 66 °F a sudden increase of speed from 12 to 30 ft/min was 


worn, distinctly higher temperatures are required for comfort. Formerly it was 
accepted that the comfort zone for summer was a few degrees higher than that for 


Vol. 2 
1959/¢ 


¥ 
. 


Requirements for Satisfactory Heating and Ventilation 171 


enough to produce a just-perceptible feeling of coolness. From the earlier obser- 
vations it can be calculated that, if at that temperature the air speed alternated 
suddenly and with random frequency between 12 and 30 ft/min, giving an average 
of 21 ft/min and a mean variation of 43 per cent, our subjects would have found the 
air rather fresh, whereas if with the same average speed the mean variation were 
reduced to, say 20 per cent, by alternations of speed between 17 and 25 ft/min, 
they would have had a preference for more stimulating conditions. 


(2) Humidity. At room temperature met with in Great Britain in winter the effect 
of atmospheric humidity on the feeling of warmth is small (BEDFORD, 1936), but 
there is evidence that changes in humidity which have no effect on feelings of warmth 
may yet affect the pleasantness of the environment (MrurA, 1931; WinsLow and 
HERRINGTON, 1935). 

In our observations there was a significant correlation between relative humidity 
and impressions of freshness when effective temperature. was held constant (i.e. 
when due allowance was made for the effects of humidity on sensations of warmth), 
so that at a given effective temperature there was a feeling of greater freshness at 
the lower humidities. From the standpoint of comfort a relative humidity much 
above 60 per cent seems undesirable. Very low humidities are also undesirable, 
but at temperatures of 65-70 °F discomfort is unlikely unless the humidity falls 
distinctly below about 30 per cent. 


WARM WALLS 

The Commissioners appointed by the GENERAL BOARD OF HEALTH (1857) to 
enquire into the warming and ventilation of dwellings put down as one of the 
desiderata for comfort that the walls of a room should be at least as warm as the 
air, and they included cold walls and floors amongst the conditions that make for 
discomfort. Although we had no experimental evidence at the time, Dr. WARNER 
and I were convinced that the Commissioners were right, for we had on various 
occasions experienced feelings of stuffiness when the only possible explanation 
appeared to be that the mean radiant temperature was 6 °F or more below the air 
temperature. 

Later, MUNRO and CHRENKO (1949) studied the reactions of a large group of 
subjects, each of whom was exposed to a given equivalent temperature* (60, 
65, or 70°F), once with the boundary surfaces of the room at air temperature, 
once with the surface temperature 5 °F below, and once with it 3 °F above air 
temperature. The surfaces were maintained substantially at a uniform temperature. 

Of those who were exposed to the comfortable equivalent temperatures of 65 
or 70 °F, 83 or 84 per cent found the warm-wall situation pleasanter than the cold- 
wall one. The warm-wall condition felt distinctly fresher than either of the others, 
and in the cold-wall condition they felt rather less fresh than when walls and air 
were at the same temperature. MUNRO and CHRENKO suggested that the greater 
freshness found with the warm walls was due to transient fluctuations in the rate 
of heat loss from the nasal membranes, for when the walls were warm the air 
temperature was correspondingly lower and the vapour pressure somewhat 
lower. 


* Equivalent temperature takes count of air temperature, air speed and radiant heat. 
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DISTRIBUTION OF WARMTH 

(1) Gradients of air temperature. The Commissioners of the GENERAL BOARD OF 
HEALTH said that for comfort the floor should be at the highest temperature in 
the room, while the temperature should gradually decrease towards the ceiling. 
Little attention seems to have been given to this recommendation, for many heating 
installations create considerable temperature gradients between floor and ceiling. 
With such gradients the feet tend to be cool and the head overheated, and even if 
the head does not feel too warm there is liable to be discomfort which is difficult 
to describe. 

In factories we have often found the air temperature at head level to be several 
degrees, sometimes 10 °F or more, above that near the floor, and with such gradients 
we have regularly experienced feelings of stuffiness and found the conditions 
unpleasant. When the gradient over the height of a standing man has been no 
more than 2° or 3° we have been very comfortable. Although my opinion is based 
on general observation over many years rather than on critical experiments, | am 
convinced that the gradient from floor to head level should not exceed 5 °F, and 
should preferably be less than that. 

Excessive thermal gradients due to radiant heat are also undesirable. Although 
a mean radiant temperature somewhat higher than the air temperature ts conducive 
to comfort when the boundary surfaces are uniformly warm, if the elevated mean 
radiant temperature is achieved by local radiation directed towards the head serious 
discomfort may arise. This is of special importance in connexion with ceiling 
heating 


(2?) Heated ceilings. CHRENKO (1953) has reported the results of a large number of 


experiments in which persons were exposed to the radiant heat from a warmed 
ceiling. In these experiments the air temperature averaged 66 F and the air speed 
did not exceed 20 ft/min. The subjects reported their impressions of general bodily 
warmth, and they were also questioned as to their local sensations referred to their 
heads and their feet. They were also asked to say whether the environment was 


pleasant or not, and to give reasons if it was unpleasant. 

The incidence of discomfort was more closely associated with the elevation of 
mean radiant temperature at head level, due to the radiation from the warmed 
ceiling, than to the actual intensity of radiation incident on either the forehead or 
the top of the head 

Complaints of unpleasantness occurred about twice as frequently as complaints 
that the subjects’ heads were uncomfortably warm. Those who complained of 
unpleasantness described one or more symptoms to account for their complaints. 
Nearly 90 per cent of the symptoms related to the head or to gradients of sensation. 
These gradients of sensation were discussed by CHRENKO, who considered that 
tolerance of a warmed ceiling might well be increased if the floor were also 
warmed 

Although the average air temperature was about 66 °F, there was some variation 
between experiments, and on some occasions the temperature was as low as 64 rs 
while on others it was rather more than 70 °F. Statistical examination of the results 
showed that when the elevation of mean radiant temperature due to the heated 
ceiling was held constant, there remained a low, but significant, partial correlation 
between air temperature and sensations of warmth on the head, indicating that at 
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the higher air temperatures tolerance of the radiation from the warmed ceiling 
declined. 

From his results CHRENKO concluded that, under the conditions in which ceiling 
heating is used in Great Britain, the elevation of mean radiant temperature due to 
the heated ceiling should not exceed 4 °F above air temperature. 


(3) Heated floors. The ancient Greeks and then the Romans heated the floors of 
their buildings by means of the hypocaust. In modern times a notable example of 
floor heating is that of Liverpool Cathedral. Just after the First World War schools 
in Derbyshire were heated by means of warmed floors, and we made many obser- 
vations in them (VERNON ef a/., 1930). Commonly the surface temperature of the 
floor did not exceed 75 °F, and we were very comfortable, but when occasionally 
the surface temperature reached or exceeded 80 °F we found the floor very tiring 
to the feet. 

Since that time floor heating has been used in many commercial buildings and 
also in dwellings. Various opinions have been expressed as to the maximum desirable 
temperature of a warmed floor, but there has been little or no experimental evidence. 
Ata conference held eight years ago I expressed the view that the maximum desirable 
temperature was 75 °F or perhaps 77 °F; a German speaker agreed with 77 °F, while 
speakers from France and Italy both allowed 82-5°F. From experiments, 
HERRINGTON and LORENZ! (1949) concluded that floor temperatures above 75 °F 
were undesirable, and that local physiological effects were clearly demonstrable 
when the floor temperature reached 80 °F. 

More recently, CHRENKO (1957) has reported laboratory experiments made on 
men and women subjects wearing their normal footwear, who in different experi- 
ments either sat with their feet resting on a heated floor or walked about on it. 
The air temperature in individual experiments ranged between 58 and 76 °F, 


averaging 68 °F. 

The subjects were questioned as to their state of general bodily warmth, and they 
also reported their sensations of warmth on the feet. The temperature of the skin 
on the soles of their feet was measured. 

For all four sets of observations, women sitting or walking and men sitting or 
walking, the relations between the skin temperature of the sole and local sensations 
were so similar that the results could be grouped. For the grouped results (801 
experiments) the correlation coefficient was +0-72 (P< 0-001). Some subjects 
felt discomfort when the temperature of the sole exceeded 86 °F, and when it reached 
93-5 °F, 50 per cent were uncomfortable. 

Local skin temperature is influenced by the general thermal state of the body as 
well as by local exposures, so that the temperature of the sole of the foot is affected 
by the air temperature as well as by the temperature of the floor. Regression equa- 
tions describing these relations were calculated. It is of interest that when the subjects 
walked, and thus made firmer contact with the floor, the effect of floor temperature 


was greater than when they sat. 

The highest floor temperature at which no discomfort was experienced was 77 °F. 
At the room temperatures commonly maintained in Great Britain considerable 
warming can be achieved with such a floor temperature, which, according to these 
results, is unlikely to occasion even mild discomfort. 
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PRACTICAL CONSIDERATIONS 

The requirements for satisfactory heating and ventilation can be summarized 
briefly as follows: 

(i) The rate at which fresh air is supplied should be not less than 600 ft®/hr 
for each occupant, and it should preferably be 1000 ft®/hr or more. In warm 
weather a distinctly higher rate may be desirable. 

(ii) A comfortable temperature should be maintained, but the room should be 
as cool as is compatible with comfort. The required temperature will depend on 
the activity of the occupants. 

(iii) The air should be dry rather than damp. 

(iv) The air should be moving rather than stagnant, and the movement should 
be variable rather than uniform and monotonous; but in the winter months speeds 
exceeding about 40 ft min may lead to complaints of draughts. 

(v) The average temperature of the walls and other surfaces should not be 
appreciably lower than the temperature of the air, and it should preferably be higher. 

(vi) The air at head level should not be much warmer than that near the floor, 
and the heads of the occupants should not be exposed to excessive radiant heat. 

(vii) Intelligent supervision of the heating and ventilation arrangements is 
necessary. 

From these requirements some conclusions may be drawn concerning the design 
or use of the heating and ventilating plant. 


(1) Temperature control. The maintenance of a suitable temperature is of out- 
standing importance. During the heating season the temperature in a factory is 
often rather low at the beginning of the day, while later it is allowed to rise exces- 
sively. Such conditions are undesirable on grounds of both comfort and economy. 
Comfort would be enhanced and waste avoided by the application of suitable 
thermostatic control or by careful supervision by a responsible person. 


2) Air movement. In relatively narrow buildings adequate air movement can 
generally be obtained by the judicious opening of windows, but in extensive single- 
storey buildings some mechanical stirring of the air is often desirable. The ventilation 
should be arranged so that objectionable draughts are avoided. Where there are 
large areas of windows some of the heating should be so disposed as to counteract 
down-draughts from the cold glass surfaces. 

Where natural cross-ventilation can be obtained the air movement is likely to 
be variable when windows are open, but with some mechanical installations the air 
movement is undesirably monotonous. In a mechanical installation the air inlets 
should be so designed, and the velocity of discharge so arranged, that suitable 
turbulence is set up. 


(3) Cold wails. With the present high cost of fuel, adequate thermal insulation 
of buildings is desirable from the standpoint of economy. Good insulation also 
ensures that during the heating season the internal surfaces of walls are warmer, 
and thus the indoor environment is made more comfortable. 

(4) Gradients of air temperature. Warming by the circulation of very hot air, or 
by the use of overhead steam or hot-water pipes, tends to set up steep temperature 
gradients which are most undesirable. Direct heating by means of hot pipes running 
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along the skirting, or by hot-water radiators standing on the floor, produces only 
slight gradients. 

When heating is by the circulation of warmed air, it is desirable that the required 
temperature be maintained by circulating large volumes of relatively cool air rather 
than smaller volumes of much hotter air. Instead of relying only on the circulation 
of heated air it is better to admit air at about room temperature, and to provide 
heated surfaces to compensate for the heat lost through the structure. 


(5) Heated floors and ceilings. Heating by means of warmed floors or ceilings can 
be applied successfully, provided that the floor temperature or the radiation from 
the ceiling is not excessive. Guidance is given as to the limiting conditions. 
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DISCUSSION 


Dr. J. BresNer asked whether the readings to which the author referred took into account the 
weight of clothing worn and the state of the person’s home affairs—whether he lived in a well- 
heated or a badly-heated house. He was wearing a very light suit because he lived in a heated 
flat and worked in a heated office. Comfort conditions for him must be different from those for 


people wearing heavy suits. 

Dr. Beprorp replied that in these factory investigations it had not been possible to make an 
allowance for clothing. In the work they had taken all sorts of measurements, such as the surface 
temperature of the clothed body and the temperature of the skin. They had started with the pious 
hope that they could make an allowance for clothing, but in fact nearly all the girls and women 
concerned had been wearing overalls. He had been told in one of the factories that in the summer 
the girls wore swim suits beneath their overalls and nothing else, but it would hardly have been 
possible to question the girls about what they were wearing! 

A speaker said that Dr. Beprorp had suggested that the leaks through windows and doors 
were sufficient to give an adequate air change in domestic premises. Was that still the case, with 
modern use of plastic or rubber sealing strips around doors and windows, or would some supple- 


mentary method be necessary ? 
Dr. Beprorp replied that he had merely said that this leakage would be sufficient to prevent 
trouble through lack of oxygen or excess CO2. He had not meant to imply that everything could 
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be tightly shut and there would still be enough ventilation to give satisfactory conditions. In new 
buildings, where one hoped that doors and windows would fit well, at least at the beginning, it would 
probably be necessary to open something to give the ventilation desired—even though one would 
still survive without opening any window or door. 


Mr. J. P. GLEESON said that, with pressurized aircraft, compressed air at a very high temperature 
was taken from the engine and used not only for ventilation of the aircraft but also to keep up the 
pressure. Modern equipment, using electronics, was installed to keep the temperature and pressure 
constant. Nevertheless, walking along the flight deck of this 100-passenger aircraft one could 
detect violently different temperature levels. Mrs. Jones was a few degrees warmer than Mrs. 
Smith, sitting just behind her. if highly technical equipment such as this were installed in an air- 
craft, and very different temperature levels were nevertheless experienced within a few inches in 
space, could stable ventilation be achieved by the use of a similar control mechanism on the 
ground ? The author had mentioned a fan which gave air at one’s feet. People were using ejectors or 
fans to move the air about. Did the author know of any equipment which would keep the air 
constant in movement and constant in temperature ? 


Dr. Beprorp replied that, put in those terms, it was a difficult question. It was his impression, 
however, that the modern instruments and systems were satisfactory. One might have mechanical 
ventilation, including cooling for the summer, with the air admitted at about room temperature 
and through modern diffusers. If air were so admitted, and there were heating surfaces widely 
spread, enough heat would be provided to compensate for losses to the structure. He thought 
that in the ordinary room there were fairly uniform conditions throughout. He did not think that 
big differences were unavoidable. Small differences were perhaps a good thing; as one moved 
about there was a small and welcome variation. This was acceptable as long as the differences 
were small. 


Dr. G. THomas asked what influence on the calculation of the heat requirements was made by 
the convection of heat from the human body. Had colour schemes any influence? 


Dr. Beprorp replied that colour schemes did not fall within his province and he preferred to 
keep away from the subject. He had his own strong likes and dislikes about colour schemes and 
had not much sympathy with some modern ideas. In one installation on the outskirts of London 
an architect had “let himself go” with the new pastel shades. Wherever people wanted light he 
had used a purple shade and had done his best to see that light falling on the walls or ceilings was 
absorbed and not reflected. To Dr. Beprorp it had been a shocking example. It had had no regard 
for utility. 


A speaker asked for a maximum temperature for the surface of the floor, in floor-heating 
schemes. 

Dr. Beprorp replied that a good figure was 77 °F. It was still safer to use 75 “F. Experiments 
on the subject were mentioned in the paper, although he had been unable to refer to them in the 
introduction. At much above this figure one began to receive complaints. 


Mr. A. R. McGipson said that floor-heating schemes were often recommended. The author 
had spoken of the importance of keeping heat around the room. Floor heating usually stopped 
about | ft from the edge of the room, particularly on the window side. Should action be taken 
to overcome the chilly effect from the cold windows and walls? Or would the warmth from the 


floor be enough to overcome this? 


Dr. Beprorp replied that if all the floor except the margins were warmed there would probably 
be enough upward movement to avoid trouble, unless there were large expanses of glass. In such 
a case, it would be a good idea to put a little heat immediately underneath the window. A few 
years before the war he had been called to the House of Lords to look at the heating and ventilation 
system because one elderly peer complained of a downward draught. Above the side galleries in 
the Chamber were tall windows, but experiments with fumes showed that, generally, the downward 
draught from these windows levelled out at gallery level and was converted into an upward 
draught. There was an exception at the point where the peer in question sat; the draught went 
right down to head level. 

He had suggested to the engineer that some heating, perhaps by tubular heaters, should be 
installed along the window sills, where the stone sills were hidden by carved oak panels. However 
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an elderly employee who controlled the ventilation said that he had been told as a boy that there 
were some heaters, but that they were too noisy and could not be used. 

They had taken a ladder and investigated, and they had found some old heaters—like the old 
railway foot-warmers—consisting of copper vessels connected to the steam circuit. Apparently 
the crackling noise caused by the steam had been such that their Lordships would not put up with 
it. It was suggested that the heaters might be supplied with hot water instead of steam. 
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AN OUTLINE OF AIR-CONDITIONING 


B. G. LAWRENCE 
National College for Heating, Ventilating, Refrigeration and Fan Engineering, London 


Abstract— Methods by which the temperature and humidity of air can be changed are 
described and the changes of state of air shown graphically by psychrometric diagrams. 
Air distribution, including high velocity systems providing individual room temper- 
ature control, is described briefly. 


INTRODUCTION 


AIR-CONDITIONING is today a widely used term, and as such is interpreted in many 
different ways. Therefore, in order to avoid confusion, it is desirable to start by 
defining the term. 

Air-conditioning may be defined as a means of maintaining the temperature and 
humidity within a space at values set to give the maximum comfort for the occupants, 
or in the case of industrial work, optimum conditions for a particular process. 
The desired conditions are achieved by supplying cleaned air, containing sufficient 
fresh air to meet the ventilation requirements of the space, at controlled values of 
temperature and humidity. 

As air-conditioning is such a very wide subject it is necessary, when treating it 
only in outline, to take some particular aspect and deal with that in some detail. 
In this paper the particular point chosen is the way in which the temperature and 
humidity of the air can be varied, and the changes are shown pictorially by means 
of psychrometric sketches. 

The air that is conditioned is, of course, atmospheric air, that is moist air, a 
mixture of various gases and water vapour. The analysis of the dry gas is virtually 
constant over the surface of the earth, but the weight of water vapour associated 
with the dry air, although only of the order of | per cent of the total weight, varies 
considerably from place to place and, in any one place, varies from hour to hour. 
It is this water vapour in the air that is responsible for a considerable part of the 
cost and space requirements of air-conditioning plant. 


THE PSYCHROMETRIC CHART 


The psychrometric chart is the best way of showing the amount of water vapour 
present in moist air in terms of easily measured variables. 

The chart shown in Fig. 1 is constructed for a particular barometric pressure of 
29-53 in. mercury and has as its ordinates dry-bulb temperature and moisture 
content (also, in many cases, vapour pressure). Also shown are wet-bulb tem- 
perature, relative humidity and total heat. The dew-point temperature for any point 
can be obtained by moving horizontally across the chart to the saturation curve. 
Humid volume, which does not appear on this chart, is shown together with dew- 
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point temperatures and vapour pressure on a chart prepared by OLDHAM (1938). 
These, and other related terms, are fully defined in British STANDARD 1339 (1946). 

Of these values, dry-bulb and wet-bulb temperatures and relative humidity 
are widely used to define the conditions of moist air. They are also the only values 
that can be measured with simple instruments easily adaptable to the automatic 
control of air-conditioning equipment. In practice it is necessary to control the 
dry-bulb temperature and amount of water vapour in the air, and, as can be seen 
from the psychrometric chart, both wet-bulb temperature and relative humidity 
vary with dry-bulb temperature. The three values (namely moisture content, 


Relative 


grainns/pound 


Moisture content, 


Dry bulb temperature, 


Fic. 1. Psychrometric chart. (Courtesy of the Institution of Heating and Ventilating 
Engineers, London.) 


dew-point temperature and vapour pressure) that vary with the amount of water 
vapour in the air, but do not vary with changes in dry-bulb temperature, un- 
fortunately cannot be measured by simple instruments adaptable for automatic 
control purposes. This is responsible for a certain amount of interaction in simple 
control systems which can result in some deviation from the desired values of tem- 


perature and humidity. 


THE USE OF AIR TO REMOVE OR SUPPLY HEAT 

Air is supplied to maintain a constant temperature and humidity in a room 
having varying conditions of sensible heat gain or loss and having also, in most 
cases, a latent heat gain from occupants. Figure 2 shows air entering the room at 
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condition A and leaving at condition B, having removed both sensible and latent 
heat. The psychrometric sketch shows an increase in the dry-bulb temperature 
from A to B as the air gains sensible heat and an increase in moisture content as 
it gains latent heat. It is possible to remove the same quantity of heat with, say, 
half the quantity of air by doubling the temperature difference and supplying the 
air at A’. The minimum air quantity required would be when the air was supplied 
at A”. It can be seen that the slope of the line AB is fixed by the ratio of sensible to 
latent heat gains. 

If the room had a sensible heat loss and latent heat gain then it would be neces- 
sary to supply the air at condition a in order to maintain the room at condition 5. 

To give a guide to the quantities involved; if the system temperature differential, 
AB, is 10 °F, then approximately 40 Ib/min or 600 ft® min of air are required to 
remove 100 B.t.u. min of sensible heat from the room. 


Fic. 2. Air removing heat from a room. 


The disadvantage of using small quantities of air and large system temperature 
differentials is the difficulty of introducing the air into the room without causing 
hot or cold pockets of air in the vicinity of the supply point. The selection of 
desirable room conditions and system temperature differentials is well dealt with 
in a recent paper by HARRISON (1958). 

Since in most cases the quantity of air supplied to any room is kept approximately 
constant, it is necessary to vary the supply air dry-bulb temperature and moisture 
content as the sensible and latent heat losses or gains vary if the room is to be main- 
tained at a constant condition. Therefore of necessity the air-conditioning plant must 
be capable of adjusting temperature and moisture content of the air, in order to 


produce at any instant the required room condition. 


AIR-CONDITIONING EQUIPMENT 
(a) Mixing and heating. The mixing of two air streams of different conditions 
to produce a third condition is one of the most common processes in air-con- 
ditioning. This is illustrated in Fig. 3, where two air streams A and B are mixed 
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to produce a condition C. The condition C can be obtained anywhere between A 
and B by varying the weight ratio in which A and B are mixed. In practice this 
ratio could be controlled by modulating motor Y operating on dampers in the air 
ducts. 


Dry bulb 2roture 


Fic. 3. Air mixing and heating. 


Figure 3 also shows air passing through a heater battery from C to condition D. 
Since the air is merely passing over a heated surface, it can only gain sensible 
heat, and the process is one of heating at constant moisture content. The leaving 
air temperature or length of line CD can easily be varied, when the heating medium 
is hot water, by controlling the water flow rate through the battery by means of a 
modulating valve X. The modulating control of an electric heater battery is not so 
easily obtained and step control is frequently used in this case. 


(b) Air-washer. The air-washer basically consists of an airway, known as the 
spray chamber, situated above an open water tank. A pump takes water from the 
washer tank and supplies it to a number of spray nozzles sited across the airway 
of the spray chamber. Here the water is atomized in the air stream, the water 
droplets falling back into the tank. Eliminator plates are fitted immediately after 
the spray chamber to prevent the carry-over of water droplets by the air flow. 

The air-washer shown in Fig. 4 is equipped with means of heating or cooling the 
spray water. If the modulating valve Y is opened to admit a heating medium to 
the calorifier the spray water can be heated, and if the 3-way mixing valve X is 
opened to the chilled water supply, the spray water can be cooled. The most im- 
portant process, however, is when the spray water is recirculated without being 
heated or cooled, in which case the water takes up the wet-bulb temperature of 
the entering air and the process is one of adiabatic saturation. This process, which 
was first presented by CarRiER (1911), is one in which the sensible heat given up 
by the air, shown by the reduction in dry-bulb temperature from A to B, is equal 
to the latent heat gained by the air, shown by the increase in moisture content. 
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As can be seen from the psychrometric sketch, the wet-bulb temperature and heat 
content of the air tends to be constant during this process. Owing to the limited 
contact time between the air and water in the spray chamber, the air leaving the 
washer is not fully saturated, nor is the dry-bulb temperature fully reduced to the 
water temperature. Thus the air leaves at a condition B, some distance short of the 
saturation curve, the actual position of B on the wet bulb line depending upon the 
intimacy of mixing between air and water. The length of the line AB to the length 
from A to the saturation curve is a measure of the efficiency of the unit. 

This process of adiabatic saturation is similar to that in an atmospheric cooling 
tower where water is cooled to a temperature approaching that of the atmospheric 
wet-bulb temperature, and, in the domestic field, similar to that in the moistened 
porous media of milk bottle covers, etc. 


Fic. 4. The air washer 


If the valve ¥ to the calorifier is opened and the spray water heated, then the pro- 
cess is one of heating and humidification, and a typical change in the state of the 
air passing through the washer is shown by the line 4B’. if the 3-way valve X ts 
opened to the chilled water so that the spray water temperature ts lower than the 
entering air dew-point temperature, then the process is one of cooling and de- 
humidification and a typical change of state of air as shown by the line AB’. 

With the valves ¥ and Y as modulating valves, complete control is obtained 
over the spray water temperature, and hence the slope of the line AB, or, for a 


given inlet condition, there is control of the moisture content of the leaving air. 


Thus the air-washer is a very useful unit, but it does require a considerable 
amount of space, being about 7 ft long, and the generally recommended air velocity 
through the spray chamber is only 500 ft/min, and of course space requirements 
are even greater when the ancillary equipment, such as refrigeration and boiler 
plant, are included 

A typical winter cycle in this country for plants handling all fresh air is one of 
heating and humidification. Two alternative ways of using the air-washer for this 
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cycle are shown in Fig. 5. In Fig. S(a) the air-washer is operating on adiabatic 
saturation, and the amount of water vapour added to the air is controlled by a 
pre-heater. If the valve X is opened to increase the dry-bulb temperature of the air 
entering the washer, the moisture content of the leaving air is increased. In Fig. 5(b) 
the air-washer is served with heated spray water, and the valve L on the calorifier 
controls the amount of water vapour added to the air. If the valve is opened and 
the temperature of the spray water increased, then the moisture content of the leaving 
air will be increased. In both cases the final air temperature is controlled by an 
after-heater battery. 

If the entering air is likely to be below 32 °F, the plant shown in Fig. 5(a) has 
the advantage of preventing freezing taking place in the spray chamber. In certain 
circumstances freezing can occur even when heated spray water is used. 


Fic. 5. Alternative methods of heating and humidification. 


(c) Cooler battery. The cooler battery is basically similar to a heater battery, 
the main difference being in the formation of the extended heat transfer surface of 
the tubes carrying, in this case, the cooling medium. 

A cooling coil is shown in Fig. 6, and the line AB on the psychrometric sketch 
indicates a typical change in the state of the air passing through the battery when the 
coil surface temperature is lower than the entering air dew-point. This process is 
one of cooling and dehumidification. For this case eliminator plates may be required 
after the cooler battery to prevent the carry-over of water droplets, and a drain 
required to remove the condensate from the airway. 

When the surface temperature of the cooling coil is higher than the entering 
air dew-point there is only sensible cooling of the air, as shown by the line ab on the 
psychrometric sketch. A method of predicting cooling coil performance is given 
in a recent paper by BuLL (1959). 

If relatively high air leaving temperatures are acceptable the cooling medium 
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may be surface or well water, or water recirculated from an evaporative cooling 
tower. Where lower temperatures are required, chilled water or brine, or a refrigerant 
is required. The refrigerant must be of the safe or non-toxic type if the plant is 


serving an occupied space. 

When the required leaving temperature is below 32 °F the water vapour removed 
from the air forms a frost layer on the coil, and it becomes necessary to defrost 
the coil periodically to keep the airways free of ice. For a plant required to operate 
continuously at this low temperature, two coils in parallel are required, in order that 
one will be available to cool the air while the other is being defrosted. 


Fic. 6. Air cooling and dehumidification 


A fairly common method of installing the cooling coil is with a bypass duct 
fitted as shown in Fig. 6. This enables air at the entering condition A to mix with 
air at the coil leaving condition B to produce a mixture condition D. The position 
of D can be controlled by the modulating motor operating the face and bypass 
dampers. 

Comparatively recently, use has been made of the extended surface of the cooling 
coils for humidifying air by spraying water onto the face of the coil. This arrange- 
ment, with the addition of a pre-heater battery, can provide effective winter 
humidification where only a small addition of water vapour is required, also it 
occupies considerably less space than an air washer. 


(d) Solid adsorbent plant. When there is a requirement to remove water vapour 
from the air, sorbent materials offer an alternative to cooling air below its dew- 
point. 

Figure 7 shows the plant arrangement when a solid adsorbent such as silica gel or 
activated alumina is used. In this figure bed | is shown on the active cycle, drying 
air, while bed 2 is being reactivated. As the air passes through bed | there is a rise 
in the dry-bulb temperature of the air due to the latent heat of condensation of the 
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water vapour removed from the air. If this was all that was involved, the wet-bulb 
temperature and heat content would remain constant, but an additional quantity 
of heat is given out during adsorption, which amounts to approximately 200 
B.t.u./lb of water adsorbed. Therefore the change of state of the air from A to B 
on the psychrometric sketch shows not only an increase in dry-bulb temperature 
and a decrease in moisture content, but also an increase in wet-bulb temperature 
and heat content. As bed | takes up water the vapour pressure exerted by the 
sorbent increases and less water vapour is removed from the air, thus the leaving 
air condition tends to move from B to B’. 

When the air leaving bed | has reached its maximum permitted moisture content 
the bed can be changed to the reactivation cycle, and bed 2 brought in to the active 
cycle by the operation of the change-over dampers X and Y. 


content 


Moisture 


Dry bulb temperature 


Fic. 7. Dehumidification using a solid sorbent. 


The reactivation cycle consists of blowing filtered and heated air through the 
bed to atmosphere. This raises the temperature of the sorbent material, and hence 
its vapour pressure, to a level where the vapour pressure exerted by the bed exceeds 
that of the air and moisture is given up to the air. If very dry air is required, three 
or more beds may have to be used, since the reactivation time may be longer than the 
active cycle. 

Methods of determining the capacity and performance of single and dual-bed 
dehumidifiers of this type have been published by QUEER and MCLAUGHLIN (1947). 

Units having six or more beds are in use with multiple port rotary valves in place 
of the dampers ¥ and Y. With this arrangement, at any time, there are two beds 
on the active cycle, one freshly reactivated and one partially saturated, and by 
movement of the rotary valves a constant air leaving condition can be maintained. 

An after cooler battery is normally required to reduce the dry-bulb temperature 
of the air. Since the temperature of the air leaving the bed is fairly high, all, or the 
main part, of the heat can be removed using surface or well water as the cooling 
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medium. It is not, as a rule, possible to remove much heat from the bed itself 
because of the poor conductivity of the granular sorbent material. 


(e) Liquid absorbent plant. This type of plant normally uses a lithium chloride 
solution as the absorbent and has been fully described by BicHowsky (1935). 
The solution is normally sprayed into the air stream, and the change of state of the 
air is similar to that obtained with a solid sorbent. The rise in temperature of the 
air is caused by the latent heat given out by the water vapour removed from the 
air, plus the heat of solution which is again approximately 200 B.t.u./lb water 
absorbed. If the cooling coil shown in Fig. 8 were not in operation, then the change 
in state of the air would be from A to C, a similar change to that shown in Fig. 7 
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Fic. 8. Dehumidification using a liquid sorbent. 


using a solid sorbent. However, in this case, good contact can be obtained between 
the sorbent material and a cooling coil. Therefore, instead of dehumidifying the 
air from A to C and then by means of an after cooler reducing the temperature 
from C to B, both operations can be carried out simultaneously by spraying the 
liquid sorbent onto the cooling coil, which also provides an extended contact 
surface. This arrangement has the added advantage of preventing a large rise in 
the temperature, and hence vapour pressure, of the sorbent during the process. 

Reactivation can be achieved by spraying the solution onto a heating coil through 
which atmospheric air is passed. 

By controlling the temperature of the heating coil, control is obtained over the 
concentration of the solution sprayed over the cooling coil, which in turn controls 
the amount of water vapour removed from the air, or moisture content of B. 
Control of the temperature of B is obtained by varying the surface temperature of 
the cooling coil. 

The liquid absorbent plant is generally the more economical for removing a 
small amount of water vapour from a large quantity of air, but if very dry air is 
required the solid adsorbent plant is more suitable. 
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Virtually ali air-conditioning plants are made up from the types of equipment 
and process described. There are, of course, many ways of arranging the equipment 
and many forms of automatic control. 


AIR DISTRIBUTION 


Having obtained the required supply air condition from the plant, the air has now 
to be distributed to the various rooms being conditioned. The air is normally carried 
in rectangular ducts fabricated from galvanized sheet steel. In conventional systems 
there is no acoustic treatment to provide noise attenuation between the ductwork 
and the air supply fitting in the room. This tends to limit, in many buildings, the 
air velocities to a maximum of 1500 ft/min, as at higher velocities the noise generated 
by the airflow would be a source of annoyance to people in the air-conditioned 
rooms. 

In buildings having large heat gains or losses the quantity of air leaving the plant 
room is very large, and considerable difficulty is often experienced in accommodating 
the ductwork within the building. Further, the ductwork occupies a considerable 
amount of space that would otherwise be available for general use. This has led 
to the use of higher system differentials and higher duct velocities, both these 
factors reducing the size of the ductwork. With a higher system temperature 
differential, less air is required to remove or supply a given quantity of heat, but the 
supply fitting has to be designed to entrain and mix room air with the supply air, 
so reducing the temperature differential, before the air stream enters the occupation 
zone. Owing to the use of higher air velocities there is an increase in the pressure 
loss, static pressure and noise generation in the air ducts. Therefore it is necessary 
to add, between the ductwork and the supply air fitting, a unit which will both 
reduce the static pressure to the value required at the supply air grille or diffuser, 
and attenuate the noise in the ductwork to a value somewhat lower than the 
background noise level of the room being conditioned. 

In the development of this type of equipment for high velocity systems there have 
been produced several units capable of varying the temperature at which the air 
is supplied to individual rooms. The control is by means of either individual room 
thermostats for each unit, or a single thermostat controlling several units mounted 
in the one room. There are two ways of varying the temperature of the air supplied 
by the units. One method is to use the primary air supplied by the duct to induce 
room air to flow over a finned tube heat-exchanger. The heat-exchanger has water 
passing through the’ tubes which can be heated in winter and chilled in summer. 
The unit shown in Fig. 9 is mounted beneath a window. The induced room air 
enters at the back of the unit adjacent to the window, and the amount of this air 
that either passes over the finned tubes or bypasses them is controlled by thermo- 
statically operated dampers. In the unit illustrated the damper at the back of the 
unit is positioned for the induced room air to pass through the heat-exchanger, 
and the damper in the front for room air to bypass the heat-exchanger. The mixed 
primary and induced air then passes to a vertical discharge supply grille. 

The alternative method of temperature control is obtained by using two supply 
air-ducts, one carrying air at a temperature higher than required by any room, 
the other at a temperature lower than required by any room. The unit then takes 
air from both ducts and mixes the air to produce the required temperature. The 
unit shown in Fig. 10 has piston type pneumatic motors regulating the amount of 
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air entering from each duct. One motor, controlled by a thermostat, controls the 
ratio of mixing; the other, controlled by the static pressure within the unit, keeps 
the mixed air volume at a constant value. The design and performance of dual 
duct systems is covered in a paper by SHATALOFF (1956). 

Perhaps an extension of this would be to put the two systems together—a dual 
duct system where one duct carried air having a higher moisture content than the 
other, with a humidistat used to control the ratio of mixing, the mixed air then 


passing over a heat-exchanger to control the temperature. 

Since the above is only a brief outline of two aspects of air-conditioning, equip- 
ment for controlling temperature and humidity of air and air distribution, it is 
obvious that many other important aspects have been omitted completely. One of 
these is the purity of the air. Air cleaning is normally achieved by means of a specially 
designed filter unit. These units require regular attention if they are to function 
efficiently, and there are many plants where the maintenance given to the units 
is inadequate. The air-washer also requires regular maintenance since the water 


takes impurities, including some gases from the air. 

In conclusion, it is pointed out that air-conditioning and heating should not be 
considered as alternatives, as in many cases the best conditions for comfort are 
provided by air-conditioning used in conjunction with some form of radiant heating 


or cooling. 
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DISCUSSION 
Mr. Roperts said that the author had suggested that it was possible to have ice in the air washer. 
Had he any experience of that in an installation? Could he say a little more on the subject? 


Mr. Lawrence replied that he had tried to create ice in an air washer and had succeeded. It 
had started by a certain amount of water splash upstream in the washer and the formation of 
positive ice around the edge. Then the vertical pipes began to freeze at the top, where there was a 
limited amount of water in circulation. It should be remembered that the heated spray water 
was probably only at a temperature of 75°F or less, and at higher temperatures icing would 


probably not occur 
Dr. Gison said that the author had referred to the removal of odours from the air by washing. 


Could he amplify his comments on that problem? 


Mr. LAWRENCE replied that the washer water should be changed regularly. His experience was 
that in many air-conditioning plants the water was seldom changed. Someone looked at it at 
increasing intervals of time, until one day he was disgusted by the sight—and then the water 


was changed 

He had tried to use the air washer to remove odours, and a certain number of odours could be 
removed in this way, but when the plant was switched on again, the odours were given up by the 
water and returned to the room. A number of students at College had been used as guinea-pigs 
for an experiment on these lines, and there had been a measure of agreement that the odours 
increased when the plant was switched on again. The only possible source was the air-conditioning 


system, and he suspected the water. 
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Fic. 9. A Velovent window unit. (Courtesy of Air Control Installations Ltd.) 


Fic. 10. A Thermo-Reg dual duct unit. (Courtesy of Benham & Sons Ltd.) 
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The air washer was not a good means of removing odours from the air. The water absorbed 
a number of things from the air but they were put back again into the air later. This was a 
reason for his suggestion that the water should be changed regularly or, better still, that there 
should be a regular overflow and a continual change. 


Mr. A. H. MatrTHews said that it seemed very important to avoid natural ventilation through 
doors and windows, as far as possible. Did he advocate, in a system of comfort air-conditioning, 
windows which did not open and doors which closed automatically ? 


Mr. LAWRENCE said that the short answer was “Yes”, but it depended what was meant by 
“comfort air-conditioning”. The difficulty was that the occupants often liked windows which 
opened. In air-conditioning, windows should not be opened, and there were certainly advantages 
in self-closing doors or even double doors. 
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THE EFFECT OF HEAT ON THE INDUSTRIAL 
WORKER 


A. R. Linp 


N.C.B. Physiological Research Section, Department of Human Anatomy, Oxford 


INTRODUCTION 

It is well recognized that the temperature of the body must be kept within relatively 
narrow limits if health is to be maintained. If men work in environments that are 
too hot, they experience discomfort and fatigue, their working capacity falls, 
errors in perception and judgement appear and eventually serious physiological 
disturbances may lead to exhaustion and collapse. Recognition of these facts 
leaves us with the problem of defining conditions which are too hot. That this 
is by no means a simple problem emerges from recent reviews by WEINER and LIND 
(1955) and by Beprorp and TrRepre (1955). 

In the present paper, detailed descriptions of earlier work concerning the res- 
ponses of men to work in heat are avoided, since these are available elsewhere, 
as indicated below. The intention is to outline the principles governing heat ex- 
changes between the body and its environment, to evaluate results from recent 
investigations in this context, and to examine how existing knowledge may be 


applied to the industrial situation. 


BODILY HEAT EXCHANGES 


Theoretical calculations. The sources of heat gain and heat loss to and from the 
body are, principally, (1) the body heat production which can vary greatly depending 
on the amount of activity undertaken, (2) convection and radiation, each of which 
can result in a heat gain or in a heat loss depending on whether the skin temperature 
of the body is below or above the temperature of the air and the surroundings, 
and (3) evaporation of sweat from the skin which can only result in heat loss from 
the body. Small heat exchanges may also occur by evaporation and convection 
through the lungs, by conduction, and by the ingestion of food and drink at tem- 
peratures above or below body temperature, but these normally represent such 
a small proportion of the total heat exchanges that they are customarily ignored. 

If the body is to maintain thermal equilibrium, then the amount of heat gained 
by work and from the environment must be offset by heat lost in equal amounts 
from the body to the environment. The body seldom maintains an exact equilibrium, 
however, and work performed even in cool climates is accompanied by a rise of 
body temperature (NEILSEN, 1938). This rise of body temperature is greater in 
climates that are too hot, and so far as the physical interpretation of heat exchanges 
is concerned, represents the storage of heat in the tissues of the body. During ex- 
posure to heat, therefore, the heat exchanges can be simply represented by the 


equation 
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M+Ci+iR-E=S 


where M is the heat produced by metabolism, C and R represent the heat gained 
or lost by convection and radiation respectively, E is the heat lost by evaporation, 
and S is the amount of heat stored in the body. If the body maintains thermal 
equilibrium, then S = 0. 

Studies in the thermal exchanges of the body, by NELSON, et al. (1947) resulted in 
the definition of the thermal coefficients for convection, radiation and evaporation. 
Thus equations to represent the heat exchanges through these channels can be 
expressed, for practical purposes, as 


C = 0-5V9-5(ts — ta) (1) 


R = 5-7(tg—ts) (2) 
E = 1-4V°%4(ps— pa) (3) 


where V is the air movement, ts, ta and fg are skin, air and mean radiant tem- 
peratures and ps and pa are vapour pressures on the skin and in the air. In these 
equations, thermal exchanges are expressed in units of kcal/m? per °C or mm Hg, 
with air speed in ft/min. 

Recent experiments by KERSLAKE and WADDELL (1958), BREBNER ef al. (1958a; 
1958b) and C.LirrorD (1959) have confirmed the accuracy of these coefficients for 
convection and radiation, but showed that the coefficient for evaporation could 
be better expressed by the value of 0-45V°-®3, so that equation (3) above becomes 


E = 0-45V°%-63( ps — pa). (4) 


Heat storage in the body may be calculated by a formula proposed by BURTON 
(1935) 


S = Wx0-83 (0-65Aur+0-35Ars) (5) 


where W is the weight of the individual and /r and fs are rectal and skin temperatures. 

Detailed discussion of these theoretical calculations is not possible here, and may 
be found in the relevant papers quoted, and elsewhere (e.g. MACHLE and HATCH, 
1947; BEDFORD and Trepre, 1955). The equations given above refer to the calcula- 
tion of heat exchanges on nude men, and are consistent with theoretical expectation. 
Results obtained from clothed men by NELSON et al. (1947) were understandably 
less satisfactory, since the determination of heat exchanges is complicated by the 
introduction of such difficulties as measurement of the emissivity and the heat 
capacity of the clothing worn. Nevertheless, there are possible practical applica- 
tions of these equations as described below. 

Factors affecting heat exchanges. A major source of difficulty in assessing the heat 
stress of most working conditions is the assessment of the effect of the many 
factors which influence heat exchanges between the body and its environment. 
The total heat load on the individual is the result of the interaction of many variables. 
In general, these variables may be considered separately as (1) climatic and (2) 


non-climatic factors. 

The important climatic variables are the air temperature, humidity (usually 
represented by wet-bulb temperature), air speed and mean radiant temperature 
(represented by globe thermometer readings). Since all heat exchanges occur 
through the skin, these variables have to be considered in association with the 
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temperature of, and the vapour pressure on, the skin. Convective heat exchanges 
are affected by the difference between air and skin temperature, and by the speed 
of the air over the skin, while those of radiation are influenced only by the difference 
between skin temperature and the temperature of the surroundings. Evaporative 
losses are affected by the amount of air movement and the difference in the vapour 
pressures of the skin and the surrounding air. 

Non-climatic factors which can affect heat exchanges include purely physiological 
as well as non-physiological factors. The body heat production can vary consider- 
ably, from values at rest of about 70 kcal/hr, to about 350 kcal/hr during moderate 
rates of work, while during hard industrial work values of 500 kcal/hr or more may 
occur. If the body were otherwise unable to gain heat except from this source or 
to lose heat by any method, at the rates of work mentioned above, a 76 kg man 
(12 stone) would increase his body temperature at rates of about 1, 5-5 and 
8 °C/hr respectively (1-8, 9-9, and 14-4°F/hr). In cool climates the body easily 
dissipates these amounts of heat, and even in the absence of heat gains from the 
environment, this is convincing evidence of the efficiency of the thermoregulatory 
system. 

When clothing is worn, obviously the heat exchanges across the skin must be 
modified. Usually, an increase of clothing in hot climates adds to the total heat 
stress imposed on the subject (cf. MCARDLE et a/. 1947). This becomes particularly 
true when clothing of increasing impermeability is worn, where the evaporation of 
sweat can be seriously restricted or completely prevented, and the individual is 
subjected to a hot environment with a high level of humidity inside the suit due to 
the evaporation of sweat. When there is a high radiant heat load, however, clothing 
may be utilized to protect the individual. 

When men are first exposed to work in hot climates, they usually experience 
lassitude or even discomfort. Repeated exposures result in the reduction or abolition 
of these symptoms, and men are able to work more efficiently. This process of ac- 
climatization is accompanied by physiological adaptions, whereby progressive 
reductions in the increments of skin and rectal temperatures and pulse rate and an 
increase in the amount of sweat loss can be readily demonstrated (e.g. BEAN and 
EICHNA, 1943; ROBINSON ef a/. 1943). Acclimatization has also been shown to be 
associated with a more efficient circulation (WYNDHAM, 1954; HELLON and LIND, 
1955) which helps the transfer of heat from deep tissues of the body to the skin. 
HELLON ef al. (1956) showed that the physiological basis of “natural” acclimatiza- 
tion resulting from living in the tropics is identical with that of “artificial” 
acclimatization produced in the laboratory by exposure to heat daily for short 
periods. The processes of acclimatization are virtually complete in two weeks. 

Despite the large number of investigations into the mechanisms involved in 
acclimatization, little is known of the amount of benefit so derived, in quantitative 
terms; some information which is available from African subjects examined by 
WYNDHAM ef a/. (1954a) in saturated climates suggests that after acclimatization, 
similar performances to those obtained before acclimatization, were found in 
climates 1-7—3-3 (3-6 °F) higher. 

These is some evidence to suggest that other factors might also affect heat 
exchanges although the extent of the influence of any of these factors is as yet 
unknown. HELLON, ef a/. (1956b) and HELLON and LINpb (1956, 1958) have shown 
that with increasing age, the sweat glands respond more slowly to an increase in 
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heat load, and that the blood supply through the skin is in excess of that required 
for thermoregulation. Obesity, presenting greater superficial insulation to the transfer 
of heat from the deep tissues of the body, might also be expected to be detrimental 
to the invididual working in hot climates. Mild illness might also be expected to be 
undesirable, as reported briefly by WYNDHAM et a/. (1954b) and by LIND et a/.(1957), 
although this view is not entirely supported by MACPHERSON (1959). Physical 
““fitness’’ may also affect the responses of the individual to work in heat. While 
few observations have been made, presumably partly because of the difficulty of 
defining “fitness”, BEAN and EICHNA (1943) noticed that men who regularly took 
exercise became more effectively acclimatized to heat than men who took little 
or no exercise. 

The influence of some of the factors mentioned can be assessed, and although 
there is so far little information available concerning the other factors, recognition 
of their existence at least allows the exercise of caution. 


HEAT STRESS INDICES 


Many attempts have been made to evaluate the total heat stress on man by 
integrating some of the factors which affect heat exchanges into a single index. 
BEDFORD (1948) and BEeDFoRD and TREDRE (1955) have described and have dis- 
cussed the comparative merits of many of these indices. It is intended here only 
to consider briefly the three scales which are best known, and to discuss recently 
published observations concerning the accuracy of these indices. 


Effective Temperature scales. The effective temperature scales were devised 
originally as scales of comfort by HOUGHTEN and YAGLOGLOU (1923), and were 


later considered to be a good physiological index of stress (e.g. YAGLOU, 1927). 
In the original scales the subjective comfort of any combination of dry- and wet- 
bulb temperatures and air movement could be assessed, using as a reference the 
still, saturated environment in which the immediate sensations of warmth ex- 
perienced were identical with those experienced in the test climate. BEDFORD 
(1946) proposed the use of globe thermometer readings instead of air temperature 
readings to make allowance for radiant heat, and the scales became known as the 
Corrected Effective Temperature scales. Two scales are available, one referring 
to men stripped to the waist and the other to men fully dressed in indoor 
clothing. 

Many series of experiments have shown short-comings in the scales when they 
are applied to men working at rates ranging from moderate to hard, in heat. 
ROBINSON ef a/. (1945), EICHNA et al. (1945), and BENSON (1945) all reported that 
the scales exaggerate the stress imposed by high dry-bulb temperatures when the 
air movement was about 100-300 ft/min. DUNHAM ef a/. (1946) showed that the 
scales do not give sufficient weight to the deleterious effect of low air movements 
in hot and humid environments. Data from experiments by EICHNA ef a/. (1945), 
E.uis et al. (1953b) and LIND et al. (1957), where very severe conditions of heat 
stress were examined, showed that climates of similar severity as judged by rectal 
temperature, pulse rate, weight loss and tolerance time, do not correspond to the 
same Effective Temperature. 

It remained arguable that since the Effective Temperature scales were devised 
from data obtained from seated men and from men engaged in only light activity, 
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it was not unreasonable that results obtained from men performing moderately 
hard work do not conform to the predictions of the scales. 

To test the validity of the scales in severe environments when the metabolic 
conditions approximated to those from which data were collected for the con- 
struction of the scales, Linp and HELLON (1957) submitted resting, nude men to 
eight different climates. These experiments showed that different climates with the 
same Effective Temperature did not result in the same physiological stress as judged 
by tolerance times, rectal temperatures, pulse rates, skin temperatures, sweat loss 
and forearm blood flows. (Comparison of some of these data with Effective Tem- 
perature can be seen in Fig. 1.) The scales proved inadequate as a method of 
predicting the relative severity of the climates investigated, although this was less 
marked in the more moderate environments, supporting SmiTH’s (1955) view 
that the scales may be reasonably accurate in warm climates where the heat stress 
is less. Recently, BREBNER ef a/. (1958b), also examined results from seated, nude 
men in hot climates and endorsed the conclusion that the Effective Temperature 


scales were misleading at high stress levels. 
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Fic. 1. The mean physiological responses of nine seated, nude men after 1 hr exposure to four 
humid climates (@) with 85 per cent relative humidity, and four drier climates ( x) with 43 per cent 
relative humidity. It is clear that with increasing severity of the climates the Effective Temperature 
values do not correlate with the physiological responses. 


It is clear that there is an inherent error in the construction of the Effective 
Temperature scales which leads to inaccurate evaluation of the physiological 
effects induced by exposure to climates of high heat stress. 


Predicted four-hourly sweat rate (P4SR). The P4SR scale, devised by MCARDLE 
et al. (1947), represents the heat stress of an environment in terms of the sweat 
produced in four hours. The scale allows for wide variations in dry and wet-bulb 
temperatures, globe thermometer readings, air movement, clothing worn and the 
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rate of work. This index was devised from data obtained from over 1000 experi- 
ments. Results from later experiments led to the conclusions that (1) there was 
no difference in the results obtained by MCARDLE et al. (1947), from “artificially” 
acclimatized men living in London, and those obtained from men naturally 
acclimatized to work in the tropics (e.g. ADAM ef a/. 1952), and (2) that the scale 
made accurate allowance for the effects of radiant heat (FERRES ef a/. 1954a). 


Rectal temp. 


Pulse rate/min 


g/m per hr 
N 
wn 


Skin temp., °C 


Sweat loss, 


P4SR, L 


Fic. 2. The mean physiological responses of nine seated, nude men after 1 hr exposure to four 

humid climates (@) with 85 per cent relative humidity, and four drier climates ( x )with 43 per cent 

relative humidity. The results, which are the same as those shown in Fig. 1, correlate well with the 

P4SR values, and serve to show the relative accuracies of the E.T. and P4SR scales as measures 
of physiological response to high degrees of heat stress. 


The intentions of MCARDLE et a/. (1949) in the construction of the P4SR index 
were not simply to allow the estimation of the amount of sweat produced in given 
conditions, but to provide a measure of heat stress. Thus, a working condition 
with a P4SR of 4-01. is always of greater stress value than one of 3-9 1., irrespective 
of whether the amount of sweat produced by a group of men in the first condition 
is more than they produce in the other climate. That is, the authors of the index 
do not commit themselves irrevocably to the belief that sweat rate is necessarily 
allied to the heat stress, although if one single physiological measurement has to 
be used, the sweat rate has much to commend it. 

Comparison of experimental results with the P4SR values has led to a gradually 
accumulating body of support for the index. WYNDHAM ef al. (1953) concluded 
that it was rather more accurate than the Effective Temperature scale. WYNDHAM 
(1954) also found a good relationship between circulatory measurements in different 
climates and the P4SR scale values for those climates. Linp and HELLON (1957) 
found that the P4SR scale accurately predicted the order of severity of different 
climates for seated, nude men, when the Effective Temperature scales failed to do 
so. The physiological data obtained in these experiments correlated well with 
P4SR values as can be seen in Fig. 2. These data are the same as those shown in 
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Fig. 1, and therefore provide a clear indication of the relative accuracy of the 
P4SR and Effective Temperature scales in conditions of high heat stress. Similarly, 
BREBNER ef a/. (1958b) found that while the Effective Temperature scale did not 
provide a satisfactory measure of environments of equal heat stress, the P4SR 
scale was in good agreement with the observations. 

Although the P4SR scale is rather more complicated to use than the Effective 
Temperature scale, and the use of sweat rate as a measure of heat stress may 
be unfamiliar to many, there is a growing body of information to show that the scale 
accurately assesses the severity of different combinations of work, clothing and 
climate in terms of physiological response; the P4SR index appears to be the most 
successful method, so far available, of estimating the heat stress of a given working 


condition. 


The Belding—Hatch index. Haines and HATCH (1952) adapted the heat balance 
equation to the assessment of heat stress, and this method was further elaborated 
by BeLDING and HatcHu (1955) to include a numerical index of the stress imposed 
by given conditions of work and climate. The method is based on a comparison 
of the amount of sweat required to be evaporated (“evaporation required”’) to 
maintain thermal equilibrium, and the maximum amount of sweat which can be 
evaporated in the specified climatic conditions (““maximum evaporate capacity"’). 
The ratio of these two factors is the heat stress index of a given set of conditions. 
Thus this index, like the P4SR index, depends on sweat production to provide the 
assessment of heat stress. 

If the equations defined by Netson et a/. (1947) and KersLake and his colleagues 
(1958, 1958a, 1958b, 1959) are to be used for accurate analysis of heat exchanges, 
it is necessary to know skin and rectal temperatures and the height and weight of 
the subjects as well as the climatic conditions and the rate of work. In order to 
simplify the calculations to a manageable level, and to allow the procedure of 
analysis of heat exchange to be useful as a predictive index it was necessary for 
Be_DING and HATCH to make a number of assumptions and approximations. 
For the purposes of the index they assumed a fixed surface area of the body, a 
fixed level of skin temperature, that heat exchanges through the lungs could be 
safely ignored, and that there is no storage of heat in the body. 

Haines and Hatcu (1952) demonstrated that this adaptation of partitional 
calorimetry could be useful in industry to decide which were the most important 
avenues of heat gain or loss in given conditions, thereby more easily allowing the 
application of corrective measures. From the results of a controlled laboratory 
experiment Ferres ef a/. (1954b) compared the heat exchanges calculated from the 
modified formulae suggested by Haines and HaTcu (1952) with those calculated 
from the formulae of NeLson ert a/. (1947) and found, for instance, discrepancies 
of from 19 to 45 per cent in the “maximum evaporative capacity” derived from the 
two methods, when working men were exposed to heat stresses of moderate severity. 
Differences of this sort would imply that, while the accuracy of this technique might 
not be seriously affected by any one of the assumptions or approximations mentioned 
above, it is dubious whether the collective effect of all of them allows the index 
to be sufficiently accurate for general use. The evaporative coefficient recently 
described by CiirrorpD er a/. (1959) may confer greater accuracy to the index, 
although this possibility has not yet been examined. 
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Other indices have not yet been considered here, on the grounds that they are 
either of more limited value or that they are not readily applicable to the practical 
situation. There can be little doubt that physiologists would favour the use of the 
P4SR scale as a measure of heat stress and as a predictive index, although other 
scales may be considered useful if they are applied to circumstances for which 
they were intended and with a full realization of their limitations. 


One of the important uses of heat stress index is the definition of “limiting 
conditions” of heat. Obviously, the interpretation of “limiting conditions” will 
vary according to the purpose for which the limits are required; for instance the 
heat stress to which men may be exposed during emergencies can be more severe 
than that which is considered acceptable for every day work. It is convenient, 
then, to consider in turn three interpretations of the “limiting conditions” of heat. 

Upper tolerable thermal limits. The phrase “upper tolerable thermal limits” 
is taken here to mean those climates in which men can just perform some known 
task for a given length of time without suffering heat exhaustion and collapse. 

The results from different investigations intended to specify “‘upper tolerable 
thermal limits’ show quite good agreement when variations of the conditions of 
work, clothing and climate are taken into account. EICHNA et a/. (1945), ROBINSON 
et al. (1945), and Ets et a/. (1953a) all described “upper tolerable thermal limits” 
which agree well with a P4SR value of 4-5 |., suggested by MCARDLE et a/. (1947) as 
the limit above which an increasing number of men would find the conditions 
beyond their endurance. These limits are supported by observations such as those 
of CAPLAN (1943), who found after many years of experience that heat casualties 
in the Kolar Gold Field in India seldom occurred at wet-bulb temperatures lower 
than 32-7°C (91 °F) when air temperatures were between 43-3°C (110°F) and 
48-9 °C (120 °F). All these results apply to fit, young, acclimatized men engaged in 
tasks of moderately hard work. There is no direct experimental evidence to show 
what the environmental limits would be for men performing different rates of work, 
but the good agreement between existing experimental results and the P4SR 
value of 4-5 1. encourages the belief that the P4SR value of 4-5 1. would be similarly 
accurate for other work rates. It may be reasonably concluded that by this method 
the “upper tolerable limits” can be described for any given condition of work and 
clothing to which fit, young, acclimatized men are to be exposed. As explained 
earlier it is difficult to make allowances for variations in age, fitness and acclima- 
tization. But in most cases of such severe heat exposure, special circumstances 
doubtless prevail and the men to be exposed will most often be selected and trained 
for work in such environments. To this extent, it is less important to know what 
allowances should be made for these variables; where older, less fit and less acclima- 
tized men have to be exposed to severe heat stress, great care should be exercised 
and advice sought. 

Duration of exposure in intolerable climates. Fewer experiments have been 
performed to define the length of time that men can continue to work without 
fear of exhaustion or collapse (“tolerance time’) in very severe environmental 
conditions. BLOCKLEY and TayLor (1950) and BLocKLey and LYMAN (1950) 
described the duration of exposure of young men, clad in union-suits, to dry air 
temperatures between 71 °C (160 °F) and 113 °C (235 °F) as between 12 and 90 min. 
Severe environments of this type are infrequently to be met in industry and the 
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problem of protecting men in such conditions is more conveniently solved by the 
use of ventilated suit assemblies, as described below. 

RoantreE (1950) made a valuable contribution resulting from his observations 
on teams of men engaged in fire-fighting underground in Mysore; he was able to 
give a chart relating the permissible length of time for such workers with wet-bulb 
temperatures. This information referred to highly acclimatized men and could not 
be applied to rescue personnel in this country. 

More recently, the National Coal Board initiated an intensive series of experi- 
ments to determine the “safe” durations of exposure for personnel engaged in 
mine-rescue operations (Linp et al., 1957). Thirty-six volunteers from the mine- 
rescue service performed a simulated mine-rescue operation in a wide variety of 
climates, saturated and non-saturated, and the times taken to achieve a rectal 
temperature of 38-8 °C (101-8 °F) were noted. This value was chosen as a rectal 
temperature which indicated the presence of a high heat stress, and above which an 
increasing number of men may be expected to suffer heat exhaustion and collapse 
(e.g. Exuis et al., 1953a). Observations on the visual vigilance of these men were 
also made, the results of which supported the “safe” durations of work in a wide 
variety of climates recommended on the basis of the physiological data. The duration 
of the hard work in hot climates was rather longer when the men wore one type of 
self-contained breathing apparatus than with another, owing to differences in the 
temperature of the inspired air (Linp, 1955) but no differences in the duration of 
work could be attributed to age or to occupation. This is not surprising since 
mine-rescue personnel are carefully selected and highly trained; nevertheless in 
another series of experiments (HELLON ef a/., 1956) the same men showed small 
but distinct differences in sweat production and in the blood flow to the skin, 
associated with ageing, when they were exposed for a longer period to carefully 


controlled conditions of work in heat. 

As a result of these experiments tables were drawn up to specify the permissible 
duration of work for personnel engaged in rescue operations underground, and 
these tables (e.g. Table 1) have been adopted for use by mine-rescue services in this 
and other European countries. 


Tas_e |. SHOWING THE TIMES MEN WEARING A SELF-CONTAINED BREATHING APPARATUS 
(USING LIQUID AIR AS ITS SOURCE OF OXYGEN), MAY BE EXPECTED TO WORK SAFELY ON A 
““MINE-RESCUE TASK” IN DIFFERENT ENVIRONMENTS 


Wet-bulb (°F) Dry-bulb (°F) 


80 85 90 95 100 105 110 115 120 


Safe period (min) 
72-5 69 


750 


77.46 


80-0 


82-5 63 60 57 55 53 51 48 46 

85-0 55 53 50 48 46 a4 42 41 

87-5 ~ 7 45 44 41 38 36 35 

90-0 41 39 38 35 33 32 31 

92°5 33 32 31 30 30 26 , 
95-0 30 28 26 26 24 24 

97-5 26 24 22 22 


100-0 
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Several other points of interest emerged from these experiments: (1) the Effective 
Temperature scale was found to be grossly inaccurate as a means of identifying 
climates of similar physiological effect, as has been discussed above, (2) the com- 
binations of work, clothing and climate were so severe that they lay outside the range 
of the P4SR scale, (3) a simple formula, 0-85 wet-bulb temperature +0-15 dry-bulb 
temperature, proved to be sufficiently accurate for these practical purposes, to 
relate climates of similar physiological effect, within the range of conditions in- 
vestigated. 

The results obtained apply only to specific conditions, and because of the severity 
of the conditions and the danger which might be introduced by small errors, it 
would be unwise to extrapolate them to conditions outside the range of this 
investigation. 


Permissible environmental limits for everyday work. While in special circumstances 
men may be allowed to work in “upper tolerable climatic conditions”, they cannot 
be expected to continue to do so daily over a number of years without incurring 
the danger of ill health due to heat. It becomes necessary, therefore, to consider 
what are the environmental conditions in which everyday industrial work can be 
carried out by any individual over many years. Little experimental work has been 
carried out with the intention of defining such thermal limits; such observations 
as exist are primarily concerned with mining. The following discussion is con- 
sequently concerned with this problem as it affects the miner, but any conclusions 
are likely to apply, with modifications, to men engaged in heavy duties in other in- 
dustries. The following views emerged from discussions on this problem between my 
colleague Dr. J. S. Weiner and myself. 

In a number of countries in Europe and the Commonwealth, agreements exist 
stipulating the permissible thermal environmental conditions in mines within 
which men may be expected to produce a full day’s work, and above which the 
duration or the rate of work must be restricted. Many of the agreements (only 
some of which are statutory) were formulated early in this centruy when present-day 
underground conditions were not envisaged, and when knowledge of the responses 
of men to exposure to heat was limited. As mines are driven deeper (and con- 
sequently, the underground thermal conditions are potentially worse) the necessity 
for setting realistic thermal limits on some objective physiological and psychological 
basis is pressing. 

Although a great deal of information from the laboratory is available on the 
reactions of men to heat, it refers mainly to exposures of up to four hours daily 
for periods of up to five months, and was obtained from experiments designed 
specifically to meet the needs of the armed services in Britain and America. The 
dangers of direct application of such data to the practical situation have been 
emphasized before (WEINER and LIND, 1955), since the conditions of these experi- 
ments bear little relationship to the conditions of exposure underground (e.g. in 
the rate of work and the duration of exposure). It is clear that permissible environ- 
mental limits for use underground cannot be established until information has been 
gathered from experiments designed to suit the mining situation. 

Some measure of the difficulties facing physiologists in this problem may be 
reflected in the limits suggested in recent years by different authorities. Four 
suggestions are shown in Table 2, three of which refer to mining, while the fourth 
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was put forward by the Medical Research Council for use in the Royal Navy; 
of these, the most soundly based figures for permissible working conditions are 
probably those put forward for use in the Royal Navy. The terms “practical limit” 
“restricted limit” and “absolute limit’ refer respectively to conditions in which 
normal work may be expected, to conditions in which the duration or the rate of 
work ought to be restricted, and to conditions in which only special work may be 
undertaken by agreement with the authorities concerned. The Effective Temperature 
scale has been accepted for use here because it is mainly in these terms that the 
recommendations shown were published and because in the range of use suggested 
for “practical limits’’ the scale may be considered to be reasonably accurate. 
For reference purposes, the “practical limit’’ shown for use in the Royal Navy 
has a P4SR value of 31. 


TasLe 2. SHOWING SOME RECENT SUGGESTIONS PUT FORWARD BY VARIOUS AUTHORITIES 
AS POSSIBLE THERMAL LIMITS FOR EVERYDAY WORK. THE THREE LIMITS LABELLED “PRAC- 
TICAL”’, “RESTRICTED” AND “ABSOLUTE” ARE DEFINED IN THE TEXT 
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Proposed thermal limits 


Source Occupation Practical Restricted praren 
Germany (1955) mining E.T. 27°C 7 E.T. 27-31 °C ET. ihe + 
Belgium (1947) mining (Belgium) 

S. Africa (1953) mining E.T. 30°C E.T. 30-32 °C ET. 34°C 


(for continuous 
light work) 


E.T. 33°3 “C 


Britain (1952) Royal Navy E.T. 27-32 °C 


The levels at which thermal limits are set must clearly depend on the overall 
conditions of work to which they refer, taking into account all the factors which 
might affect heat exchanges between man and his environment. Obviously, for 
instance, the more the rate of work is increased, the less severe will be the conditions 
in which that work may be continued. It is necessary, therefore, to define the con- 
ditions to which thermal! limits apply. This may be illustrated by defining the con- 
ditions to which the Royal Naval limits (shown in Table 2) apply. They refer to 
naval personnel whose upper age limit is about 50 years (80 per cent of the personnel 
are under 40 years of age), dressed in shorts, acclimatized to working in heat for 
4 hr at an average energy cost of 110 kcal/m*/hr, when the posture, the pattern and 
type of work are all favourable. The environment in which men recover from heat 
exposure may be warm. If the limit suggested for use in the Royal Navy is accepted 
as an accurate one, it is possible to deduce the zone of climates in which a mining 
limit has to be set, by examining the difference between the working conditions 
for which these limits were set, and those found in mining, as shown in Table 3. 
Many of the factors which might affect the limits have been listed and specified, 
as far as possible, for each occupation, and in the extreme right-hand column is 
shown the probable effect that differences in these factors might have on the limits 
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set for use in the Royal Navy. No reference has been made here to the decrement 
of psychomotor performance. Such information is important, but it is uncertain 
how accurately MACKWorRTH’s (1950) findings, supported by PeEpLer (1951), 
that performance deteriorates in psychomotor tasks above Effective Temperature 
values of about 27-28 °C (80-6-82-4 °F) can be applied to mining conditions. 


TaBLe 3. COMPARISON OF CONDITIONS OF WORK AND RECOVERY IN THE ROYAL NAVY 
AND IN MINING, AND THE LIKELY EFFECT THAT DIFFERENCES IN THESE CONDITIONS WOULD 
HAVE ON THE THERMAL LIMITS PROPOSED FOR USE IN THE ROYAL NAVY 


Conditions of work 


Factors which may Effect on Royal 


affect limits Royal Navy Mining Naval limits 


Rate of work 110 kcal/m?/per hr 165 kcal/m?/per hr reduction 
Exposure-time 4hr 5-8 hr reduction 
Acclimatization high high (?) no change (?) 
Age > 50 years 15°, 50 years reduction 
20°, > 40 years > 40 years (likely) 
Posture favourable often unfavourable reduction (?) 
Type and pattern of work favourable less favourable reduction (7?) 
Clothing © shorts shorts (assumed) no change 
Thermal conditions for 
recovery q. may be warm usually cool increase (?) 

Practical limit B.0.27 4 Probably less than 27 °C E.T. 


It seems likely from a comparison of this sort that if the accuracy of the naval 
limit is accepted, any limit set for mining must be lower than an Effective Tem- 
perature of 27 °C, and in this way the environmental zone in which experimentation 
ought to be carried out is narrowed. This conclusion is to some extent supported 
by results of recent experiments on the decrement of physical performance of 
African miners at various temperatures; it is hoped that the results from these 
experiments will soon be published. 

One of the main difficulties remaining, however, is to reach agreement on some 
acceptable criteria by which performance may be judged. The Physiological Research 
Unit of the National Coal Board is at present engaged on experiments from which 
it is hoped a sound physiological criterion may be derived, probably based on 
body temperature levels and circulatory responses. But even when a suitable criter- 
ion is agreed, further experiments to apply it to the complex mining conditions 
will take some time. In the absence of suitable information at present, it would 
be premature to make a definite and irrevocable statement regarding the level 
of permissible environmental limits for everyday work. 


REMEDIAL MEASURES 
While gaps in our knowledge of man’s response to heat obviously exist, there 
is available to us a considerable volume of information which may be utilized in 
a practical manner. Many industries have localized heat problems. To show the 
sort of advice that can be given, it is convenient to consider a typical but hypo- 
thetical example, where information is sought on the length of time men may 
continue to work in specified conditions. 
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The information given: 


(b) Non-climatic 


(a) Climatic 


Dry-bulb temperature: 43-3°C (110°F) Rate of work: 350 keal hr 
Wet-bulb temperature: 30-9°C(87°5°F) Clothing overalls 
Air movement 2C0 ft/min Acclimatization: nil 


Additional radiant heat: nil 


From the information given, along with an estimate of levels of skin temperature 
(available from the literature), an assessment may be made of the amount of heat 
exchanged between the body and the environment through the various channels. 
Thus, 

M +350 keal/hr 
Cc + 99 kcal/hr | 
R + 80 kceal/hr 
E 372 keal/hr 


Overall heat gain = 157 keal/hr. 


That is, heat is continually gained by the body, at a rate sufficient to raise the 
body temperature of a man weighing 76 kg (12 stone) by about 2-5 °C/hr (4-5 °F/hr). 
Thus, after | hour, rectal temperature would be about 39-5 °C (103-1 °F). Some 
men may be incapacitated by the time that rectal temperature reaches 38-9 °C 
(102 °F). Since there is no hope of reaching bodily thermal equilibrium, clearly 
the conditions must be altered. 

If the air and wall temperatures alone are reduced to a value of 35-36 °C (95 
96-8 °F) where little or no heat gain occurs by convection and radiation, the rate of 
evaporation will also be reduced, so that the body still has an overall heat gain of 
60-80 keal/hr. If the humidity alone is reduced, however, the increase in possible 
evaporative heat losses allows thermal balance with a wet-bulb temperature of 
about 27-8 °C (82°F). Dehumidification of working areas is often impractical, 
or extremely costly, and if this is not possible, some other arrangement must be 
found to reduce the total heat load and allow a bodily heat balance. One obvious 
method is to reduce the body heat production, either by reducing the rate of work, 
or if this is set at a constant level determined by the industrial process concerned, 
by arranging bouts of work to be suitably interspaced with periods of rest. Thus in 
the example quoted, an overall rate of work of 350—157 = 193 kcal/hr may be 
achieved by working for periods of 25 min with intervening periods of rest of 35 min. 

Before deciding on the best solution to the problem, the strain on the individual 
must also be assessed. The original conditions yield a P4SR value of over 6 1., so 
that men would produce sweat at a rate of about 1-5 |./hr. This rate of sweating 
cannot be continued for long. As noted above, reduction of wet-bulb temperature 
to about 27-8 °C (82 °F) would allow a heat balance to be reached. But the resultant 
P4SR is rather more than 51., and sweat rates of this sort cannot be sustained 
either; so while in such conditions the heat balance equation is satisfied, the physio- 
logical strain would be too great to allow continued work. The customarily accepted 
P4SR value for sustained work is 3 |. for acclimatized men, but this value would 
have to be decreased for unacclimatized men. A realistic value for unacclimatized 
men might be about 2-5 |. Even when the work is arranged in bouts, with inter- 
vening rest periods to give an overall rate of body heat production of 193 kcal/hr, 
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the P4SR value is 3-51., and in order to make good this discrepancy a reduction 
in the total duration of each day’s work would be desirable. 

A recommendation would therefore be made that unacclimatized men ought 
not to work for more than say, 5 hr daily, in bouts of 25 min, with intervening rest 
periods of 35 min preferably to be spent in cool surroundings. Other suggestions 
would be that such work ought to be carried out under medical supervision, that 
men over the age of 50 and obese men ought not to be employed, that ample 
supplies of cool drinking water should be available, that careful watch should be 
kept on the climatic conditions to ensure that they do not worsen, and that if work 
is to continue for more than a few days, salt should be given at a rate of about 
5 g/day in excess of normal dietary salt intake. 


385 


or 


Pulse rate/min 


Oral temperature, 


Fic. 3. Showing the oral temperature (©) and pulse rate (#) of a man wearing a ventilated suit 

assembly, ventilated with 25 ft/min of dry air (6-7 mm Hg vapour pressure) at 30 °C (86 °F) while 

exposed to an ambient temperature of 82 “C (180 °F). The subject stood throughout the exposure 

except at 55-60 min and at 115-120 min, when he worked at an estimated energy cost of 120-150 
kcal/m?/per hr. 


In many locations in industry the environmental conditions can be improved 
by simple procedures. Improvement of the ventilation will often reduce air tempera- 
ture and humidity, particularly if cool air is piped to the working area. In the case 
of individuals who work more or less continuously in the same spot, a localized 
jet of cool air may be “sprayed” over that spot. In these ways, convective heat 
gains can be reduced and possible evaporative losses increased. High levels of radiant 
heat gain can be reduced by suitably insulating and shielding the source of radiant 
heat, or, if this is not possible, by providing the individual with reflecting protective 
clothing. 

If very high air temperatures or humidities are unavoidable, then it may be con- 
venient to protect the individual against the environment by using ventilated clothing 
assemblies. Basically, such assemblies comprise an impermeable overall with suitable 
thermal insulation, and a separate supply of cool, dry air is used to ventilate the 
interior of the suit. The main drawback of such assemblies is that they restrict 
freedom of action to some extent. A suit which might be of use in industry has 
been described recently by LIND ef a/. (1959) who showed that with adequate 
ventilation to the assembly, men can maintain thermoregulation easily for periods 
of at least two hours in an ambient air temperature of 82 °C (180 °F), as shown 
in Fig. 3. If further assistance for thermoregulation is needed, the thermal insulation 
can be increased (this also makes the suit more cumbersome) or cool water can 
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be sprayed on the outside of the suit. Since the wearer is provided with his own 
environment inside the suit, high levels of ambient humidity do not affect him. 
The principle of spraying cold water can also be used in an emergency to cool men 
not wearing ventilated suits. This method has been used in South Africa (WYNDHAM 
et al., 1959) to cool gold-mining recruits who find the heat stress of working under- 
ground too great. 

A great deal of work remains to be done to evaluate the responses of industrial 
workers to heat. But although there are gaps in our knowledge of these responses, 
the information available at present is extensive and, properly used, can help to 
answer many specific industrial heat problems. 


SUMMARY 

This paper is not intended to consider comprehensively all the aspects of man’s 
response to work in hot environments, but rather concerns the effects that the 
main results of recent research have on our understanding of (1) the principles 
governing heat exchanges between man and his environment, (2) the importance of 
various factors which can affect these exchanges, (3) the accuracy of some well 
known indices of heat stress, and (4) the determination of “limiting conditions of 
heat” for different types of work. In addition, an example is given of the use of 
information at present available in answering specific heat problems in industry. 
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DISCUSSION 


The PRESIDENT said that these problems were of great importance to the mining industry, and 
the limitations suggested by the author were most interesting. They explained why coal mining 
stopped at 4100 ft and gold mining continued to 10,000 ft; the ground was hotter in coal mining 
and heat could not be conducted to the surface so easily. 


Mr. C. Jones said he gathered that the limits which the author gave were for acclimatized people. 
Could he state what the limits were if the people were not acclimatized ? Was there any decay in 
acclimatization ? 


Dr. Linp replied that it was known that if men accustomed to work in a given warm climate 
were suddenly transferred to conditions of greater severity, then they showed clear evidence of 
acclimatizing themselves to the new conditions. But it is not known by how much these men would 
then be better equipped, physiologically, to work in the original, less severe conditions. It is usually 
considered that men are acclimatized to the conditions in which they have to work. The problem 
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of acclimatization then resolved itself into the question of acclimatizing only newcomers to work 
in hot climates. This problem had been met in mining tn South Africa by arranging for an introduc- 
tory period of acclimatization during which recruits performed modified production work. A 
similar procedure might well be used in industry in other countries where men have to work in hot 


climates 

With regard to the benefit gained as a result of acclimatization, in terms of heat stress indices, 
information was scanty and the author would hesitate to commit himself beyond the statements 
made in the paper 

There was some evidence to show that decay of acclimatization occurs quite quickly. Bean and 
EICHNA (1943) suggested that acclimatization to heat was completely lost after a month, and there 
were many observations of physiological responses and impressions of comfort to show that some 
of the benefits derived from acclimatization were lost in only two or three days. 


Dr. GuLson said he wanted to ask three questions. How did the author account for the rather 
big difference between the conclusions reached in South Africa on work actually done in mines 
and the experience in this country? Experience in South Africa apparently admitted much higher 
limits than those recommended for miners here 

How did age operate in this matter? The author had suggested that older people were apparently 
less able to st: these conditions. Was that due to a limitation on the amount of sweat they were 
able to produce as it due to a change in circulation? This was perhaps indicated by the author's 
comment that ultimately an index including sweating and circulation might be a more useful 
index 

Was there an appreciable difference in heat loss by evaporation between the clothed and the 
completely naked individual ? There might be more air in respect of the clothed individual 


Dr. Lunp said that the large difference in the limits shown (in Table 2) in the suggested limits 
for everyday work for European and South African mines could probably be related to three factors, 
(1) the high degree of acc stization of the African gold miner, (2) the fact that in South Africa, 
men were allowed to achieve much higher body temperatures, and (3) that at higher levels of 
environmental stress, the rat work was probably significantly lower. On the evidence so far 
available. it seemed unlikely that any racial difference contributed to the difference 

With regard to the problem of ageing, the limitations were concerned with a sluggish response 
of sweat glands with increasing age, when men were exposed to heat. This slower response meant 
that sudden changes in heat load, found when men started to work in heat, resulted in a poorer 
heat elimination in older men. In addition, the blood flow through the skin was greater in the older 
men. and this increase was greater than necessary for thermoregulation. The underlying physio- 
logical reasons for these changes were not yet understood, but in practice older men were at a 
disadvantage, particularly when the work was intermittent It must be emphasized that these 
findings related to healthy men. Older men with cardiovascular diseases must inevitably be at an 
even greater disadvantage, as illustrated by the high death rates among older people in large 
cities during heat waves 

The effect of wearing clothing was a difficult and complicated problem. All experimenters were 
clear. however, that over a wide range of climates, in which most industrial environments were 
included, clothing added to the total heat load. The most obvious exception to this was in the case 
of high radiant heat gains where protection against the radiant heat could be expected. 


Dr. A. M. Crircuiey said he had been interested in the author's comments on tolerance to 
heat and his suggestion that older men showed less tolerance to it The statement was apparently 
applicable only to miners, and in their case the intolerance to heat among older people was 
probably due to the fact that, because of dust and other conditions, their general physical con- 
dition was poor. When working in decent conditions above ground, the old people could tolerate 
heat as well as could the young. Anyone who had lived abroad would have noticed that the 
people who stood up best to the heat were the old campaigners, who had remained in the tropics 
for year after year, and had seen many younger men come and go. 

A colleague, a professor in bacteriology, had been ina hot climate since 1918, and had been home 
on leave only once during that period. Normally he wore two sweaters, but he removed one of 
them when the temperature rose above 120 °F! 


Dr. Lunp could not agree that the physical condition of the miner was poor. The miners he had 
examined were at least as fit as any other industrial worker, and anyone secing the miner at 
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work could not doubt this. The evidence he and his colleagues had collected on the effects of age 
was not restricted to miners, but included students and college servants. The results showed the 
same effects, and on this basis, it seemed unlikely that the age effect was associated with a par- 
ticular occupation, but applied to the male population at large. 

There was, however, as always in physiological experiments, a wide individual variation. and 
some of the older men showed responses which were as good as those of younger men although 


on average the older men showed poorer responses. 
It seemed likely that some degree of “‘selection’’ occurred when men were exposed to work in 


heat, so that those men who were not well equipped to deal with the conditions found alternative 
employment. It was not unlikely that the older Europeans to be found in tropical countries were 
those who were well equipped to withstand the heat. 

Dr. CritcHey said that the author had suggested that the miners were extremely fit people. 
Surely, they must be the most unfit body of people in the country. 

Dr. J. ROGAN said that it was important to view the health of the miner in the proper perspective. 
It was of course true that among the mining population there was a proportion of disabled men. 
However, it was extremely difficult to determine whether or not this proportion was excessive, 
because of the lack of comparable data from other industries. A false impression was often created 
by studies of particular morbid conditions among miners e.g. pneumoconiosis. However. recent 
work suggested that simple pneumoconiosis, which at one time was regarded as a seriously dis- 
abling disease, was probably not nearly so disabling as had been thought. Recent research had 
suggested that the mortality rate among working coal-miners was almost exactly the same as that 
of the general working population. Mining was a hard job and in order to do it the coal-miner had 
to be very fit. This was a very large subject, but perhaps these few remarks would restore balance 
to views which might have been biased by Dr. CritCHLey’s statement. 
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CABIN AIR-CONDITIONING IN MILITARY AIRCRAFT 


I. PHYSIOLOGICAL ASPECTS 


J. BILLINGHAM 
Institute of Aviation Medicine, Farnborough, Hants. 


Abstract—The aim of cabin conditioning in military aircraft is the creation of an en- 
vironment which will allow the pilot to work at maximum efficiency, and which will not 


prejudice his safety in an emergency. 

The physical characteristics of the cabin environment may differ markedly from those 
of a room in an office block, yet the pilot must be made comfortable. New physiological 
data are required here. Heating or cooling applied directly to the pilot's body may be 
necessary, particularly in emergencies where cabin conditioning fails. 

The temperature both of the atmosphere and of the aircraft may change by more 
than 100°C in a few minutes. Complex cabin conditioning equipment is, therefore, 
necessary and must be as light and reliable as possible. Present military aircraft cabins 
are usually cooled by air cycle refrigerators of the expansion turbine type, using am 
bient air fuel or water as a heat sink. In the future different types of cooling may become 


necessary. 


INTRODUCTION 
Tue pilot or navigator of a military aircraft may be exposed to a thermal environ- 
ment which is different in many ways from that of the clerk at work in his office. 
This paper presents a general analysis of some of these differences. Before they 
can be discussed, however, it is essential to know something of the aim of cabin 
conditioning in a military aircraft. This aim may be summarized as the creation 
of a thermal environment in which the man will work at maximum efficiency. 
This definition requires some discussion, particularly in relation to the meaning 


of the word “comfort”. 


2. COMFORT 

In the laboratory there are two approaches to the problem of determining 
what thermal environment is compatible with optimum performance at a mental 
task. The man may be asked whether or not he feels comfortable, or he may be 
given some task to perform such as mental arithmetic. He may say that he feels 
uncomfortable, yet his performance at a laboratory task may be perfectly satis- 
factory. This does not mean, however, that his performance at his job will be satis- 
factory for, if he is “uncomfortable” there must be something which is occupying 
his attention other than the task in hand, and the laboratory experiment may not 
be sufficiently sensitive to reveal the decrement in performance which is the result 
of this distraction while he is doing his job. The converse, where a man says that 
he is comfortable but shows a decrement in performance at a task is, in my opinion, 
much less likely to occur when considered in relation to changes in thermal environ- 
ment, and it is possible that the most sensitive indication of the most desirable 
thermal environment is the simple question: ““Are you comfortable?” 
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An analysis of comfort is a formidable undertaking. To illustrate only two of the 
complicating factors which can be pointed out: 

(a) Previous experience has a considerable influence on what a person means 
by comfort, e.g., the difference between average British and American concepts of 
thermal comfort. 

(b) An environment which may be said to be comfortable over a period of hours 
or days may, after three weeks, for instance, become uncomfortable. 

There is here a possibility that a state of comfort requires periodic changes of 
greater or lesser degree in thermal environment. It is clear that a very great deal 
of research is required on this subject, and that such work must be done on a large 
scale for the results to have any meaning. For the present we can turn only to the 
comfort chart of YAGLOU published in 1925, and try to extrapolate from its results 
to a pilot of a military aircraft. 


3. THE ENVIRONMENT OF THE AIRCRAFT COCKPIT 

It would be short-sighted to insist that the cockpit of a military aircraft has 
the same environmental characteristics as a room in an office block. The military 
aircraft cockpit will differ in several ways from the room in which YAGLOu tested 
his subjects in 1925, and some of these differences are presented below. It should be 
noted that the first three are a consequence of the present method of cooling aircraft 
cockpits, i.e. by the use of forced convection. (It has been assumed that in all cases 
described below the man is in thermal equilibrium, with a mean skin temperature 
near to 33 “C and a normal deep temperature.) 


(a) Wide differences of air temperature within the cockpit. This is the result of 
many factors, but is inherent in air cooling systems which have to extract a con- 
siderable quantity of heat. Temperature differences between cockpit inlet and exit 
air may be as much as 50 °C in modern high speed aircraft. Unless the circulation 
of air is carefully designed, this may result in cold feet and an uncomfortably hot 
head, or vice versa, depending on the direction of the flow. A solution is required 
here to the question ““What is the maximum difference between head and foot 
regions compatible with comfort?” 


(b) Wide differences in wall and air temperatures in the cockpit. This is again a 
consequence of using air as a cooling medium, and may be accentuated by the 
incorporation of heat-producing electronic equipment into the cockpit wall. 
This problem is perhaps more noticeable in the cabins of present-day large trans- 
port aircraft, where the passengers sitting immediately next to cold walls and 
windows may feel very cold in comparison with their neighbours sitting in the centre 
of the cabin next to the aisle. In supersonic transports of the future the situation 
may be reversed, since the cabin wall would probably be hot and the cabin air 
cold. In high altitude military aircraft the cockpit floor may be cold in comparison 
with the roof, as the roof is heated to a certain degree in the day-time by intense 
solar radiation. This particular difference is a small one, but may accentuate the 
head to foot temperature differential. 

(c) Differences in air movement in the cockpit. As the heat load in the cockpit 
rises, with increased aerodynamic heating of the aircraft skin, and with the in- 
corporation of electronic equipment into the cockpit wall, so air flows tend to be 
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increased to carry this extra heat away. Air flow may become so high eventually 
that there is a gale blowing in the cockpit. The wind speed may vary over different 
parts of the pilot’s body, producing more vibration of clothing and increase in 
heat transfer in some regions than in others. Exposed skin will be particularly 
susceptible to these fluctuations of wind speed. It is interesting to ask ‘*What is the 
maximum wind speed compatible with comfort?” The answer to this question 
will be dependent on other variables, principally the temperature of the air blast 
and the part of the body at which it is directed. 

The eyes are particularly sensitive, possibly because they are covered with tear 
fluid which will evaporate more quickly at higher wind speeds. Another interesting 
problem raised by these considerations is the definition of *‘a draught”. 


(d) Humidity of the conditioning air. In civil aircraft flying above the tropopause 
it is desirable to inject water into the cabin conditioning air, in order to humidify 
it to a comfortable level 

In the high performance military aircraft this may not be possible because of 
the pressing need to save weight. The cabin is therefore ventilated with air having 
a humidity near to zero, and the consequence is an undue drying of the skin, 
of the mucous membranes of the nose, mouth and pharynx and of the conjunctiva. 
Drying of the skin and eyes is hastened by high wind speeds. It is possible that 
this drying may predispose to pathological conditions, particularly infections of 
the eyes, upper respiratory passages and skin, if exposure is sufficiently frequent and 
prolonged. 


(e) Solar radiation. Solar radiation is more intense at high altitude and may add 
considerably to the discomfort felt in the head region by pilots of those aircraft 
which have large transparent canopies. 


(f) Clothing. Aircrew today may have to wear clothing of widely different 
thermal qualities. On the one hand, they may need to wear no more than a light- 
weight overall: on the other hand, a thick, heavy, impermeable pressure suit or 
immersion suit may be necessary. 

Comfort in the heavy clothing assembly requires lower environmental tempera- 
tures than does comfort in the light assembly. In some instances it may not be pos- 
sible to achieve comfort in the heavy assembly. For instance, pressure suits are to 
a greater or lesser degree impermeable to water vapour, and evaporated sweat and 
insensible water loss from the body may in a short time condense in the outer, 
colder clothing layers and produce discomfort. 

There is a strong case for having such clothing ventilated with air for this reason 
alone. 


(g) Air density. There are many physiological factors which influence the choice 
of the density of cabin air in the military aircraft. The more important relate to 
anoxia, decompression sickness, explosive decompression, and barotrauma. They 
form a subject for a complete lecture on their own, and will not be considered here. 
The reason for including air density in the factors affecting thermal comfort is that 
reduction in density reduces convective heat transfer. This effect is not large enough 
to be included in the factors affecting choice of cabin pressure, but it is an effect 
which must be remembered when selecting design figures for cabin temperature. 


* * * * 
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In summary, there are many differences between the pilot in a high performance 
aircraft and the man at his desk. Little is known at this moment of the maximum 
and minimum of any one of the environmental factors mentioned which is com- 
patible with comfort. The range is probably quite a narrow one. 

In spite of this lack of detailed knowledge, there is an immediate practical 
requirement for a specification which lays down figures and tolerances for aircraft 
manufacturers to work to when designing and testing their cabin conditioning 
equipment. 

We have taken the view that the best solution is to allow the pilot to control one 
of the variables in his thermal environment until he feels that he is comfortable. 
The variable chosen is air temperature in the cabin. Thus, when flying in sunshine 
or when electronic equipment is switched on in the cockpit, thereby raising the 
mean radiant temperature of the cabin, the pilot will reduce the air temperature 
until he feels comfortable again. If he climbs to high altitude he may need to increase 
the temperature of cabin heating air because of the cold cabin walls. 

The specification, therefore, includes a statement that the air temperature must 
be controllable by the pilot, but within certain limits. These limits will depend on all 
the other variables. For example, if the mean radiant temperature is no more than 
30 °C, then the air temperature need not be below 15 °C for the lightly clothed man, 
or 5°C for the heavily clothed man. If the mean radiant temperature does not 
drop below 5 °C, then the maximum air temperature need not be more than 35 °C. 

It should be emphasized that this method of achieving comfort has limitations, 
many of which are related to the difficulty of maintaining reasonably small dif- 
ferences in skin temperature in different parts of the body when air is used as a 
conditioning medium. As the difference between air and wall temperature rises, 
so the problem becomes more difficult, and it is probable that the limit of this 
method of cabin conditioning is being approached in present-day aircraft. One 
answet to the problem is to provide heating and cooling to the walls as well as to the 
air, and this will probably be an engineering problem of some magnitude. A possible 
alternative is to allow the cabin to get hot or cold and provide the man with some 
sort of personal conditioning. This possibility will be considered in Section 5 of 
this paper. 


4. DEPARTURE FROM THE COMFORT STATE 

In the preceding paragraph it has been assumed that the pilot has suffered no 
change in body stored heat. This is, in fact, the primary aim of the specification. 

If a change in body stored heat is allowed, it may be possible to save weight in 
the aircraft by installing smaller and less complicated cabin conditioning equipment. 
Thus in a cold night sortie the pilot is allowed to lose body heat, and in a hot, 
low level flight in the tropics he is allowed to gain heat. In either event he would 
be uncomfortable, but any deterioration in mental performance as a result of dis- 
comfort must be weighed against the increased performance of the aircraft, made 
possible by the saving in weight. There is, however, a limit to this process, to wit, 
the danger of acute heat collapse or cold stupor. Another factor influences the 
argument here—the heat capacity of the body. It takes time for a pilot to heat up, 
and if the total length of his sortie is less than the time taken for him to heat up to 
a dangerous level, then he will be reasonably safe, though perhaps uncomfortable 
and working at reduced efficiency. 
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< 
NOTES: A—Add here C for solar radiation in the case of transparent canopies. 


B—Add or subtract here 0-Ol(tor-32)ho-19°5) C for deviations from ho =19°5 


(take ho from charts iv and vy). 


any deviations from normal activity level of 


Add or subtract here 
75 kcals/m*hr 


Fic. 1. Human tolerance to heat in aircraft. 
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The various factors affecting body stored heat have been linked by BLOCKLEY 
and his colleagues with environmental conditions in a complex graph, which 
is shown in Fig. 1. The greatest care must be taken when applying the graph 
to any particular set of circumstances, but it does demonstrate the complexity of 
the problem. It is always questionable whether any change of more than a few 
kcal in body stored heat is acceptable for maximum efficiency, particularly when 
the body is likely to be exposed to stresses other than thermal ones. Each particular 
case must therefore be considered on its merits. 

In the case of the pilot of a military aircraft, departure from the comfort case is 
acceptable only when there is a resultant saving of weight of some magnitude in 
the aircraft. 


5. DIRECT COOLING OR HEATING OF THE PILOT 
For one of several reasons, it may be an advantage to apply heating or cooling 
directly to the pilot, i.e. beneath the outer layer of his clothing rather than to the 
whole cabin. The reasons are summarized below: 


(a) It may not be practicable to condition the cabin to a comfort level. For 
instance, in the case of the helicopter or light aircraft flying in the Arctic, the 
required quantity of heat may simply not be available. Under such conditions 
comfort can be achieved at very small cost in power drain from the aircraft by giving 
the pilot an electrically heated suit to wear under his clothing. 

(b) Turning to high speed aircraft, an analogous situation exists. Here the power 
is certainly available to cool the cockpit to comfort level, but the cost of so doing 
may mean a reduction in the maximum altitude, speed or range of the aircraft, 
because of the large weight and bulk of the cabin conditioning system. One solution, 
which is both undesirable and incomplete, is to allow the pilot to get hot. This was 
considered in the previous section. A more satisfactory solution is to allow the cabin 
to get hot, and to cool the pilot with a small quantity of air distributed over his 
skin by some form of air ventilated suit. 

The cooling power required will vary with other factors, but will be only a fraction 
of the power required for cabin cooling. The success of this method of producing 
comfort also depends on many factors, but is related basically to the ability of 
ventilated suits to produce a skin temperature distribution similar to that of a man 
working comfortably in his office. The higher the cabin temperature the more 
difficult this is to achieve, since air temperature gradients within the suit and over 
the man’s skin become more pronounced as the ventilated suit-cabin temperature 
differential increases. 

There is a clear argument here for the use of a circulating heat exchange medium 
other than air. 

(c) Another requirement for body heating or cooling is the case of failure of 
cabin conditioning in a military aircraft. The aircraft may have to continue its 
flight after such a failure. In the absence of body heating or cooling the pilot may 
be threatened with acute heat collapse, or burns, or both, in the case of the hot 
cabin; and with increasing stupor, physical inability to perform fine movements 
such as plotting courses on a map, or frost-bite, in the cold cabin. 

In the case of the cold cabin there is, fortunately, an absolute lower limit of 
temperature in the region of —40 °C to — 60 °C. It is not possible to have cabin temp- 
eratures below this figure in the emergency case in existing aircraft, although the 
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situation may be very different in space vehicles, particularly if such vehicles are 
hidden from the sun by planets or their moons. 

For the cold case then there are few theoretical problems, and in practice the 
pilot could wear either electrically heated clothing or an air ventilated suit supplied 


with hot air. 

In the case of the hot cabin there is, unfortunately, no limit to the potential 
temperature rise after failure of the cabin conditioning system. The temperature 
rise due to aerodynamic heating increases as the square of Mach number. In view of 
this threat to the man, we have recently conducted experiments in which the man 
was cooled only by an air ventilated suit, in a cabin at various temperatures up to 
125°C. We have found that such cooling is still practicable with air, providing the 
man is wearing a reasonably thick layer of clothing between himself and the hot 
cabin. For the higher environmental temperatures to be explored in future work, 
different cooling systems may be required. 

(d) The last situation in which personal air conditioning ts required is found in 
the case of the pilot who wears heavy, impermeable clothing. With extreme care in 
the control of thermal environment, it is possible to keep a man In a pressure suit 
in thermal balance, but his adaptability to changes in his environment is severely 
restricted. and he will become very uncomfortable because of the accumulation of 
moisture in the clothing he wears beneath the impermeable layer. 


In summary, personal heating or cooling of clothing may be required in four 
situations in military aircraft 

(a) Where cabin conditioning is impossible. 

(b) Where cabin conditioning to comfort level penalizes the aircraft. 

(c) Where cabin conditioning fails. 


(d) Where the aircrew are wearing heavy, impermeable clothing. 


6. CONCLUSION 


The aim of cabin conditioning in military aircraft must be to secure a thermal 
environment compatible with optimum performance of the pilot. While something 
is known of the details of that environment which ts comfortable for the man in 
his office, less is known about such details for the pilot of an aircraft. Further, the 
relation between body thermal state, environmental heat loads and efficiency 1s 
known only for extreme cases. In the absence of detailed knowledge, the best 
solution is perhaps to aim at comfort, and to allow the pilot to adjust the conditions 
of his cabin until he is comfortable. In the military aircraft there may exist situations 
where it is necessary to provide personal heating or cooling to the man in order to 
maintain his thermal equilibrium, and these situations have been discussed in this 


paper. 


1 am grateful to the Director-General of Medical Services, R.A.F., for permission to publish 
this paper. 


* 
: 
we 
ae 
ae 
Vol. 2 
>. 


Ann. Occup. Hyg. Vol. 2, pp. 215-223. Pergamon Press Ltd., 1960. Printed in Great Britain 


CABIN AIR-CONDITIONING IN MILITARY AIRCRAFT 


Il. ENGINEERING ASPECTS* 


D. J. Day 


Mechanical Engineering Department, Royal Aircraft Establishment, Farnborough, Hants 


INTRODUCTION 
You will have gathered from the previous paper that the physiological requirements 
to maintain aircrew at a high standard of efficiency can be stated fairly precisely. 
It is the job of the aircraft engineer to translate these requirements into “hardware” 
and to ensure that the proper environmental conditions are maintained within the 
aeroplane over a wide range of operating conditions. 

It is very difficult to compress the whole field of environmental control into a 
twenty-minute paper, so that this paper is very much a thumb-nail sketch of the 
subject. Also the term “military aircraft’’ covers a comprehensive range of aircraft 
types including the offensive and defensive operational types, transports large and 
small, training and rescue aircraft, etc. It is presumed that the main interest of this 
audience lies in the field of the high-performance fighting aeroplanes with their 
specialized problems, and therefore the other categories of aircraft will not be 
considered in this paper. 


2. DESIGN REQUIREMENTS 

In addition to the stringent physiological requirements, the air-conditioning 
system must cater for large and rapid fluctuations of ambient working conditions, 
e.g. the atmospheric air temperature can change by over 100 °C in a few minutes, 
and further temperature changes of 100 or 200 °C can be superimposed in a short 
time by virtue of changes in aircraft speed. Also the local pressures can fluctuate 
equally rapidly over the range 15—1 Ib/in® absolute, with rain effects superimposed. 
Changes in operating conditions of this magnitude cannot be found anywhere 
else in the air-conditioning field and it is not surprising that the systems evolved 
to meet the requirements are both complex and precise. Additional factors which 
must always be considered are, of course, the safety and reliability aspects, and 
weight saving. 

Let us now look at the design parameters a little more closely. The first slide 
(Fig. 1) shows the I.C.A.N. atmosphere which is the basis for all calculations. 
This is, of course, an idealized atmosphere, and, as already stated, atmospheric 
conditions can depart from it considerably, e.g. Fig. 2 shows how the maximum 
and minimum atmospheric temperatures depart from the mean. This temperature 
envelope has been evolved from meteorological observations throughout the world, 
and is used as the basis for the design of the air-conditioning systems. 


*See Abstract for preceding paper. 
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The kinetic heating effect is shown on the next slide (Fig. 3). The skin temperature 
of the aeroplane varies with speed in accordance with the temperature relationship 
shown here, factored down by what is called the recovery factor, of magnitude 
0-8-0-9. These temperature changes, of course, take place as the aeroplane ac- 
celerates or decelerates. 


Knots at -60°C 


thousands of ft 


Stagnation ternpercture rise above -60°C 
pressure /ambient pressure 


Stagnator 


Mach number 


Fic. 3. Ram pressure and stagnation temperature. 


3. AIR SUPPLY AND PRESSURE CONTROL 

Owing to the very important part which pressure plays in maintaining habitable 
conditions within the cabin, the system is designed for reliability, is completely 
automatic in operation and is not dependent on pilot activation. The principle of 
operation is to supply to the cabin a controlled but excess quantity of air and to 
throttle the exhaust of this air from the cabin by controllable discharge valves. 

For aircraft fitted with gas turbine engines the source of air for cabin pressuriza- 
tion is the engine compressors, and due account is taken of this compressor bleed 
in the design of the engines. The air leaves the engine at fairly high temperature 
and pressure, and must be passed through various cooling devices and flow con- 
trollers before being passed into the cabin. The quantity of air used is greatly in 
excess of the amount required to sustain life, and is determined primarily by cabin 
heat-load considerations. A further factor is the cabin leakage rate, the magnitude 
of which is governed usually by the role of the aeroplane and the amount of personal 
emergency equipment which is carried. The philosophy which governs the leakage 
requirements is usually based on engine failure at maximum height, for during the 
time taken for the aeroplane to descend to a safe altitude the cabin altitude must not 
be allowed to rise to a dangerous level. 

The pressure differential between the inside of the cabin and the outside atmos- 
phere is a compromise between physiological, engineering and vulnerability 
considerations. The doctors would, of course, like to see the cabin maintained 
always at ground-level conditions. Unfortunately, this target cannot at present 
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be met, since there can be no guarantee that at some time an explosive decompression 
will not occur. In the past, the structural integrity of the cabin has not been too 
high, mainly because the aircraft engineer has had to use materials such as glass 
and transparent plastics which are not good structural materials. The knowledge 
gained over the years of the application of materials to aircraft practice has now 
improved the structure of the modern military cockpit to a point where in some 
cases failures can almost be discounted. The possibility of an explosive decompres- 
sion being initiated by enemy action then remains and this factor often determines 
the cabin differential pressure. This value is sometimes modified by the need to 
contro! the rates of rise and fall of cabin pressure to values which can be tolerated 
by the crew, particularly if the airerft is capable of high rates of climb and descent. 
The maximum cabin pressure usually permitted, in cases where explosive decom- 
pression is a hazard, is a differential pressure of 4-0 Ib/in®, and if sudden loss of 
pressure can be discounted then higher pressures up to 0-0 Ib/in? may be chosen. 
The latter value is, of course, a figure commonly used in civil aircraft practice, and 
gives a cabin altitude of 8000 ft at an aircraft altitude of 47,000 ft. 

The starting-point for cabin pressurization is usually set at 8000—10,000 ft to 
take account of differences in airfield heights throughout the world, and to ensure 
that no residual pressure exists in an aircraft after it has landed. As the aircraft 
climbs above 10,000 ft the cabin differential pressure rises at a fairly uniform rate 
until full cabin differential pressure is attained. Thereafter the cabin pressure altitude 
follows the same law as the atmospheric pressure altitude. During descent the rate 
of increase of atmospheric pressure may exceed the rate at which the cabin ts being 
pressurized, and negative pressure differentials can exist in steep dives. To take 
account of this an inward relief valve is fitted which opens an aperture in the air- 
craft skin should the negative pressure exceed 0-5 Ib/in®. Further safety devices 
are fitted, such as safety valves set to blow off at 0-5 Ilb/in® above design differential 
pressure, or, on larger aircraft the control valves are duplicated. 

Before leaving the subject of pressure control, mention must be made of those 
aircraft which are powered by rocket engines and which therefore do not have 
a convenient air supply. In such cases the cabin is built to be almost hermetically 
sealed, and it is pressurized by high pressure storage bottles. In such cases it is 
sometimes more convenient to use an inert gas such as nitrogen to fill the cabin, 
as is the practice in the United States, and to rely on the personal equipment to 
keep the crew effective. 


4. TEMPERATURE CONTROL 

In stating the requirements earlier on, I attempted to give an idea of how the 
skin temperature of the aeroplane can vary rapidly and frequently during a flight. 
A further important factor is that the high air velocities scrubbing over the skin 
lead to high rates of heat transfer to or from the cabin. In spite of these variations 
the temperature within the cabin must be maintained at the fairly uniform values 
already stated. This is achieved by using thermal insulation in the cockpits, and by 
installing an adequate air-conditioning system. The material at present used for 
thermal insulation is superfine fibreglass, and thicknesses of up to | in. are installed 
inside the cockpit, usually in the form of quilted blankets attached to the frames and 
stringers close to the cockpit skin. 
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Temperature control of the cabin is achieved by feeding into the cabin a sufficient 
quantity of air at a controlled temperature, and by distributing this air within the 
cabin in the most efficient manner. The distribution of the air is by no means 
straightforward, for if fairly uniform temperatures are to be achieved when the 
aircraft skin is hot then the modest cooling capacity available must be used economi- 
cally, e.g. the cool air must not be allowed to flow near the transparencies, for these 
are the main source of heat into the cabin. It is better for the exhaust air from the 
cabin to flow over these surfaces just before being discharged from the cabin. 
Similarly, if too much air is passed through the cabin, then air velocities are too 
high and excessive rates of heat transfer are obtained. An optimum value for a 
single seat cockpit is about 15 Ib/min. 


Secondary Coupled Expansion 
compressor to turbine 


From cabin air compressor ——_______| 


or other pressure source 
Cooled oir 


Inter- 
cooler 


ITT 


Fic. 4. Diagram of air cycle refrigerator. 


Compressed air is delivered from the engines at temperatures which can be as 
high as 350°C. This air has to be cooled to a temperature which will maintain 
the cabin at the temperature selected by the pilot, and may have to be cooled to 
about +5 °C at cabin entry. A primary cooler is usually fitted, which is an air-to-air 
type using atmospheric ram air as the cooling medium. This ram air is often very 
hot (perhaps 150-200 °C), as indicated in my previous slide, and in such cases 
only part of the necessary cooling can be achieved in this way. Since it is impossible 
to reject any further heat into the airstream then an alternative heat sink must be 
carried by the aircraft, and two such sinks are commonly used. The first is a water 
boiler which makes use of the high latent heat of evaporation of water. On a long 
flight the weight of water required becomes appreciable and, therefore, the evapora- 
tive type of heat exchanger is usually fitted to aircraft with a fairly.short endurance. 
The second heat sink used is the aircraft fuel itself and air-to-fuel heat exchangers 
are becoming common. On high-performance aircraft the fuel constitutes a high 
proportion of the all-up weight of the aircraft, and represents a considerable 
heat capacity. The maximum temperature to which the fuel can be heated is, of 
course, the limiting feature of this system, although there are the further possibilities 
of refuelling the aircraft with refrigerated fuel. 

Finally, when the heat-exchange processes are completed, the air is still at high 
pressure, and further cooling can be obtained by expanding the air to a lower 
pressure and making it do some work. The next slide (Fig. 4) shows the principle 
of the air cycle refrigerator. The type shown is known as the boot-strap type, 
but other variants exist and they differ mainly in the way in which the work 
output from the expansion is used. The high-pressure air is expanded through a 
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turbine, and in doing so its temperature falls, perhaps by as much as 100°C. The 
work done by the turbine is fed by a shaft to a compressor which is on the upstream 
side of the turbine. This compressor therefore imparts to the air a further increment 
of compression and the heat produced by this is removed by passing the air through 
an intercooler en route to the turbine. 

The air then passes from the cold air unit to a temperature mixing valve, where 
it is mixed with hot air direct from the engine in accordance with the thermostat 
setting selected by the pilot. From the mixing valve the air passes through a water 
separator into the cabin. 

In the next slide (Fig. 5), I have shown a typical air-conditioning system for a 
high performance aircraft. An obvious feature of such a system is the number of 
services which require compressed air from the engine in one form or another. 
A second feature is the number of services which require conditioning, but this is 
not surprising when one remembers that the stagnation temperature may be over 
200 °C, and that under such conditions not only the electronic equipment, etc., 
but even such components as the aircraft’s tyres, may have to be conditioned to 
some extent. On such an aeroplane the cabin cooling load may be less than a quarter 
of the total cooling load required for the whole aircraft. Nevertheless, it is usually 
the cabin requirement which determines the design of the system, since it demands 
the lowest air temperatures. 


5. HUMIDITY CONTROL 


Normally, no attempt is made to control the humidity of the cabins of operational 
aircraft. This is not surprising when one remembers that the crew are dressed in 


various protective garments, some of which may be impermeable. Also the crew 
wear tightly fitted masks and helmets, and breathe 100 per cent oxygen at high 
altitudes. This gas must be virtually dry to prevent icing troubles in the gas 
regulators. A water separator is fitted to the supply duct down stream of the cold 
air unit, but its function is to remove any free water formed during the cooling 
cycle, and so prevent the formation of mists or fogs within the cabin. 


6. PERSONAL EQUIPMENT AND EMERGENCY SYSTEMS 


I do not propose to dwell on the engineering of personal equipment, for if one 
includes the oxygen system, the subject requires a paper of its own. The previous 
speaker has covered the physiological requirements and has described the crew’s 
garments. 

The air ventilated suit requirement is probably the most difficult to meet owing 
to the low humidity which is specified, and since the flow requirements are modest 
it is usual to fit a special system which is independent of the main conditioning 
system. Alternatively, air is bled from the main system at some convenient point 
and is then “processed” separately. The engineering of the “g”’ suit system is fairly 
straightforward, being basically a compressed-air supply controlled by a valve 
sensitive to acceleration. Pressure suits require a more complex system which is 
initiated only when the cabin altitude rises to a dangerous level. All these garments 
and systems must be integrated with the crews ejection seat, and automatic dis- 
connect couplings are an essential feature for the escape case. 
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DISCUSSION OF PAPERS 
BY 


J. BrcuinGuaM and D. J. Day 


Mr. Sroxes asked the views of both authors on the extent of the difficulty, if any, in ventilating 
aircraft cockpits as a result of having to interpose a filter. 

Mr. Day replying, said that that had, in fact, been done on some operational aeroplanes. From 
the engineering point of view, there was not much difficulty in obtaining a filter that was adequate 
for filtering out the particular particle size specified. 

Mr. Sroxes then asked if any difficulty would arise in relation to a ventilated suit. 


Mr. Day answered that he did not foresee any. Up to date, the specification had been for the 
whole cabin, when the only difficulty was in having to add weight. 

Mr. GLEESON pointed out that Fit. Lt. BiLtinGHam, when speaking of the ventilated suit, had 
said that one relied on the subject to control his comfort level. Had it been found in practice that 
the man was a little unsure of where his comfort lay and would change the air temperature many 
times during a run? 

Fit. Lt. BiLLInGHAM replied that his remarks had not been directed to the ventilated suit, but 
to controlling air temperatures in the cabin. They had considered to what extent a man could be 
allowed to control his environment to give himself maximum efficiency. He himself suspected that 
as one’s environment got less and less like that to which one was accustomed control would become 
increasingly uncertain. 

In certain circumstances a pilot could not possibly be allowed to rely on his oven impressions. 
For instance, he could not be allowed to rely on his impression of what his aircraft was doing in 
some sort of complex spinning manoeuvre at night. He had to rely entirely on his instruments. 
With regard to the thermal state, Fit. Lt. BiLLiInGHAM admitted that he did not know, but would 
think that for the ordinary range of skin temperatures, one would have pretty accurate control 
over one’s own body heat state if allowed to control the temperature in the hall. Where the skin 
temperature distribution varied—warm chest and cold hands, for instance, or the reverse—it 
might be more difficult. On the other hand, he had been careful to say that his remarks in that 
respect had been in regard to the cabin only. 

Dr. GiLson commented on the fact that although Mr. Lawrence, who had spoken at the morning 
session, had mentioned noise from the ventilating system, that aspect had not been dealt with by 
the authors. He appreciated that the pilot of a military aircraft was protected against sound but 
that was not the case in civil machines. In these noise became an important factor and one to which 
the ventilating system might contribute. In at least one aeroplane certain screaming noises occurred 
which appeared to be connected with the ventilating system. 

Mr. Day could only endorse what had been said. The noise question in civil aircraft was im- 
proving, in the sense that engines were being moved away from the cabin. Noise levels in the 
cabin were, therefore, likely to be cut down. However, the noise produced by the air-conditioning 
system, which had so far been masked by others, was coming to the forefront and attention would 
have to be given to it. The case mentioned resulted from the whine of the air cycle turbine, and the 
noise was an annoyance to passengers. In military aircraft, the only problem was to keep the noise 
level at the pilot's ear sufficiently reduced to let him use his radio. The military pilot wore a helmet 
containing sound absorbers which attenuated the noise level by about 40 decibels. 

Dr. ROGAN asked whether there was not a danger of oxygen poisoning when the pilot was 
breathing 100 per cent oxygen. 

Fit. Lt. Bu.winGHAM agreed that the question was now coming into prominence. Not much 
had been known of oxygen poisoning until after the war, but recently in the R.A.F. there had been 
a number of incidents in cases where pilots breathed pure oxygen from ground level upwards, 
particularly in fighter aircraft where they were subject to g forces in tight turns. The pilot may 
complain of cough or pain in the chest or he may have no complaint, but on radiological examina- 
tion is found to have shadows at the lung bases. Both the pulling of g and the breathing of pure 
oxygen seem to play a part. Some recent research had shown that if pure oxygen at sea level pressure 
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was breathed for three hours the diffusion capacity of the lungs for carbon monoxide was reduced 
by some 50 per cent. Some change was going on but it was not yet possible to say exactly what this 
change was. 

Mr. WALTON pointed out that draught was not so important if a man was fully clothed. Was 
that fact made use of in design? 


Fit. Lt. BrLLINGHAM agreed that in such a case draught was much less of a problem. At the 
same time, one liked to leave some part of the pilot’s body unclothed because it was undesirable 
to cover him completely. Normally, of course, the face was uncovered except for the mask, and the 
face was the region most sensitive to changes in temperature. In normal circumstances the 
visor would be up and most of the face and perhaps some of the neck would be exposed, possibly, 
also, a little of the wrists. The amount of skin covered was a compromise between many factors, 
some of them conflicting in their demands. 
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NEW PROBLEMS IN SUBMARINE HABITABILITY 
S. MILES 


Royal Naval Physiological Laboratory, Alverstoke, Hants 


Tue impact of the nuclear propulsion unit upon the conditions under which naval 
personnel operate brings the possibility that the time might come when a man 
may spend a full commission completely submerged and similarly, since the cargo- 
carrying submersible vessel is now a subject of study, the merchant seaman may 
come to spend long periods under the sea. 

The introduction of nuclear power for sea transport is going to be as revolu- 
tionary as the change from sail to steam 

The problem to be faced is the confinement of men in a sealed tube in complete 
isolation from the rest of the world and encompassed by sea. In this they must 
work, eat, sleep and play for a period of months, during which a high standard of 
health and morale has to be maintained. 

The danger of a toxic agent in the air differs from that found in factory air 
because of the cumulative effect. For example, cigarette smoking, in the absence 
of absorption, could produce toxic concentrations of carbon monoxide in 60 days, 
and there is the possibility of a nicotine-carrying aerosol developing also. Alr- 


purification is also necessary to cope with carbon dioxide, body odours, and fumes 


from cooking, machinery, paint and batteries. 

Information on safeguards needed is obtained from three channels: experience 
in industrial toxicology, continuous monitoring and clinical observation during 
and after the exposure 

Oxygen is at present obtained from storage cylinders or by the combustion of 
iron filings and potassium chlorate. These methods are expensive in space and some 
other method is needed. Space-ship designers are thinking about oxygen production 
from cultivated algae which, by photosynthesis, can absorb carbon dioxide, release 
oxygen and provide food 

Food is a problem in submarines, mainly by reason of storage space, but water 
can be obtained by distillation. The space-ship is a different matter and the cyclical 
re-employment of purified excreta has been mooted. 

Radiation is not a hazard if the screening of the reactor is efficient, but it has been 
found necessary in the U.S. Navy to ban luminous dials and watches. Continuous 
checking ensures that a leak of radioactive reactor coolant would not pass un- 
observed. 

The plant used for cleansing the air incorporates soda-lime, or other chemical 
to deal with carbon dioxide. Charcoal filters extract organic fumes, odours and 
dust. 

The stage has now been reached where the limit in underwater cruising is the 
man rather than the machine, so that further progress is largely in the hands of the 
specialists in environmental habitability. 

The only operational experience which has so far been obtained with nuclear 
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powered submarines comes from the United States and has been described by Lt. 
Cdr. J. H. Epersoie, U.S.N. (1958) Proc. Roy. Soc. Med. 51, 63-74. 


DISCUSSION 


Mr. A. H. MATTHEWSs, said he would like to show the problem in its proper context by outlining 
the various aspects of ship design from the point of view of the naval architect. The various 
stages in the design of a ship were; (a) stating requirements, (b) preparing sketch designs, (c) 
reviewing requirements to give best overall design, (d) preparing detailed design. 

At all stages, specialists had to be consulted. They included marine engineers, electrical engineers, 
electronic engineers, armament designers and, of course, medical officers, all of whom advised in 
their own field. Serving naval officers provided user experience, and close contact was maintained 
with industry and research. Full advantage had also to be taken, not only of the latest ““know-how”’, 
materials and equipment but of probable future developments. In the special case of a submarine, 
they had also to check on the latest anti-submarine trends in order to combat them. Other factors 
that had to be considered were cost, time, design staff available, manufacturing facilities, available 
knowledge and research and development capacity. 

Before design work could be started there had to be a clear appreciation of what they wanted 


ol. 2 to know. Design requirements were, therefore, prepared first, and included such features as dis- 
59/60 placement, speed, endurance, armament, protection, communications, accomodation standards 


and atmosphere standards. It was not always possible to design a ship to meet fully all design 
requirements. One or more of the standards might have to be relaxed to achieve a good overall 
design and to maintain a satisfactory balance among the various features. 

Sketch designs were therefore prepared showing the main features that could be achieved by 
effecting variations in the requirements. Those sketch designs were used as a basis for reconsidering 
the design requirements, with the object of achieving a properly balanced design in which full 
consideration had been given to the relative importance of conflicting requirements. For example, 
one had to balance the relative importance of an extra knot in speed against an extra gun; in- 
creased ammunition against effect of improved accommodation upon morale; increased water- 
tight integrity against ease of passage of personnel. 

It was such compromise that was the essence of ship design. From those considerations emerged 
the concept of a ship whose main characteristics and performance features were known. At that 
stage, for example, they knew the size of the machinery space, even though the main machinery 
might not yet have been designed. They knew the main dimensions of the hull, though exhaustive 
trials might be needed to finalize the best ship form. They knew, too, the complement and what 
their duties would be. 

The naval constructor could then start his detailed design. Calculations were made for structual 
strength, stability, propulsion and resistance. Research and development projects were started, 
and specialist information was continually reviewed. Steadily, the outline was filled in. The final 
ship form was determined, structural drawings were prepared, compartments were allocated and 
detailed layouts were done. Ship's services were detailed, and all features were blended into a 
complete whole. 

Such, then, was the operation into which they had to inject provision for the special features 
described by Surg. Cdr. Mices. In the initial stages they needed clear guidance on what was wanted. 
What, for example, were comfortable temperature and humidity levels for men; oxygen rates for 
men under various work loadings? What other atmospheric or health hazards could be foreseen? 

In the sketch design stage, provision had to be made for weight, space, power and complement 
to meet those requirements. At the review stage, medical officers must be prepared to discuss 
the practicability of relaxing requirements without endangering the health and comfort of personnel. 
That all called for very close liaison between the physiologist and the constructor, to ensure that 
the engineering provisions were adequate without detracting unnecessarily from other design 
features. 


Mr. Matruews said that he could not go into too much detail on the air purification side, 
but could deal briefly with the air-conditioning aspect. The ship was required to operate in all 
parts of the world, from the Arctic to the tropics, with resultant wide heat-load variations. In 
addition, the internal equipment—the machinery, the electronic equipment and the like—produced 
varying internal heat-loads, while humidity in that enclosed atmosphere tended to rise due to 
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moisture from the personnel, evaporation from bathrooms, etc. that had to be controlled by a 
simple but robust mechanism. It had to be robust in order to carry on working without undue 
maintenance for months on end, and it had to be simple in order to avoid excessive maintenance 
and so keep the complement fairly low. They aimed at plotting internal against external tempera- 
tures. Sea water might vary in temperature from 30 °F to 85 °F, and in those circumstances they 
would like to get an internal dry-bulb factor of about the same as outside, down to a temperature 
of 65 °F, and maintain the latter figure in colder waters. 

They would also like to achieve approximately 50 per cent humidity—roughly 71 °F wet-bulb 
and bring it up to about 60 per cent, and maintain that under all cold conditions. That could 
be achieved by a complicated system, but would bring in greater maintenance weight, and more 
space would also be needed. One method was to arrange in each compartment, or group of 
compartments, for recirculated air to be drawn in by fan, cooled, and then passed over a heater, 
controlled by a thermostat operating from the return-air temperature. The purified air would 
then be brought in, mixed with the recirculated air. 

Dr. Gutson said that Surg. Cdr. Mices had given a very clear impression of the monotony of the 
conditions, which was accentuated by the absence of day and night. Had serious consideration 
been given to trying to introduce artificial variations both in temperature and light in order to 
convert the whole environment into something more like the normal? Such physiological pattern 
variations might help to maintain the general good health of those concerned. 

Surg. Cdr. Mites thought that ultimately they would have to try to create an artificial night. 
In the meantime, it had to be merged with and married to the watch-keeping system. No decision 
had yet been reached, he thought, as to whether the men would be in two, three or four watches. 
Everything had to be tied to the ship’s routine, but he himself would be very keen to maintain 

some symbol! of what was happening in the world above in the way of night and day. Thought 
was being given to that. 

Mr. D. J. Day was surprised to hear of Mr. MatrHews’ philosophy about minimum main- 
tenance, as maximum maintenance would at least give the men something to do. 

Mr. A. H. MAtTHEws replied that the whole point was that maintenance of machinery, for 
instance, could not be given to someone whose normal work was to operate the Asdic. Equipment 
needing considerable maintenance would, therefore, entail the carrying of extra complement. 
That meant extra food, water, bunks and kit lockers. Each man would then need about a ton 
of additional equipment. That, in turn, meant more fuel. In all, it entailed about five tons of ship 
per man, so that, from that aspect, it would be important to keep complement down as far as 
possible. 

Mr. Day suggested that the alternative would be to train the man to do the maintenance during 
his off-duty periods. 

Mr. MATTHEWs agreed that that was possible. He would like, however, to return to the other 
aspect. On an aircraft-carrier carrying, say, 30 aeroplanes, a party of men would be brought on 
specially to maintain the aircraft. The standard of maintenance necessary for aircraft was quite 
out of the question for ships. On that standard, the aircraft-carrier itself would need 10,000 men. 
That would mean several ships following on behird to maintain the carrier, and more ships 
following those to maintain them. 

Dr. B. M. Wricut asked whether it was not possible to make more use of scrubbers. 

Mr. A. H. MATTHews said that such equipment had to be thought of in terms of weight and 
space. The water scrubbing device described at the morning session would be far too big for a 
submarine. They were trying a much smaller piece of equipment, chemically run. 

Dr. G. NAGELSCHMIDT asked whether anything was known of the effect on health of prolonged 
lack of sunshine. 

Surg. Cdr. Mies could only say that the men who had done long trips did not seem any the worse 
for them. 

Dr. ROGAN asked whether personnel had any contact with the outside world. Did they hear 


from families or anyone else 

Surg. Cdr. Mices replied that that, again, would depend on operational requirements. They 
visualised conditions in which there was no contact, but he was sure that, in peace time, there 
would be a system for the exchange of personal radio messages. 
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Dr. CritcHLey thought that natural air movement in a submarine would be fairly small, so 
some must be introduced. Could Mr. MATTHEWs give any idea of its magnitude and, in particular, 
where it was thought best to introduce it in relation to the man’s body. 

Mr. A. H. Matrtuews replied that the air was moved by fans. The areas into which it was 
introduced depended largely upon circumstances but in, say, a dining space, the air would be 
supplied at the top of the compartment. They could not afford the weight and the space required 
for a ducted system, but had given consideration to supplying air to each bunk so that everyone 
would get a fair share of pure air at all times. They also had thoughts on removing foul air from 
the source. They wanted to take, for instance, tobbacco smoke from the tables, and in other ways 
avoid the spread of contamination before the air had passed through the purification system. 

Mr. Stokes remarked that he understood some work to have been done on the use of sodium 
peroxide. That sounded attractive, superficially, as it not only took in the carbon dioxide but 
gave off some oxygen. He also thought that burners would take good care of odour and bacteria, 
and, to some extent, of organic dust. 

Surg. Cdr. Mices replied that burners and filters together took care of those things. 


Mr. Stokes asked why filters were needed as well? 

Mr. A. H. MATTHeEws said that dust was caused by a variety of things, but most of it came from 
blankets. One thing he appreciated since he had been doing the work was that he now knew where 
the piece of sock went after the hole appeared! It broke into dust and collected in and helped to 
plug the ventilation system. Dust would also get into people’s lungs, and into all corners before it 
even got a chance of going through the burners. The filters, were therefore needed to prevent the 
dust getting into the ventilation system and they helped to purify the air. Burners on their own 
would deal with only a small quantity of dust. 

Surg. Cdr. Mites added that not enough was yet known of the subject. Of course, burners were 
not present in the conventional submarine. They were looking ahead to the nuclear submarine. 
The only experience they had of bacteria was in the conventional type of craft, but he did not 
think bacteria would present much of a problem. 
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REPORT 


Colloquium on Aerosol Technique, Mainz, Germany, 


29-30 October, 1959 


THESE excellent annual colloquia are sponsored by Prof. Dr. H. Kitums of the In- 
stitute of Applied Physics of Mainz University, which engages in fundamental 
aerosol research, as well as in the measurement of airborne radioactivity from 
nuclear-bomb tests and the generation of therapeutic aerosols. The papers were 
as follows; there will be no published report of the proceedings. 

“The state of the Institute’s aerosol research” by Prof. Dr. H. Ktums, described 
an improved aerosol spectrometer for sampling radioactive particles in the atmos- 
phere. The original had consisted of a helical spiral in a narrow cylinder lined 
with paper or film; air was sucked along the cylinder and the spiral motion im- 
pacted particles on the cylinder, the larger particles nearer the entrance. The 
film was then developed, or the filter-paper auto-radiographed, to show the 
deposited radioactive particles. These particles are smaller than O-lu, and, since 
their concentration is low, large air-volumes must be sampled. The drawback of 
this spectrometer was clogging of the spiral. In the modified version, no spiral 
is used: air enters half-way along a cylinder through tangential jets arranged to 
give it a spiral motion, and leaves at either end after the particles have been deposited 
on the walls. With such apparatus it had been shown that the “hot” particles 
occasionally found in the atmosphere (activity exceeding 0-1 muc) were of high 
specific activity, not merely aggregates of particles of normal specific activity. 
A photometer to measure the total light-scattering from particles, for studies on 
traffic air-pollution, was mentioned. 

“Reduction of smoke from 2-stroke engines, as a contribution to the combating 
of traffic aerosols” by Dr. M. KUHN, Diisseldorf, reported the development and 
successful test of special additives (phosphorus-organic compounds) enabling 
the amount of oil in the petrol to be reduced to | per cent. The use of solid lubricants 
might eliminate oil altogether. Dr. KUHN collected the material emitted from 
engines by a filter continuously wetted by a special oil which subsequently was 
broken up chemically, to permit the recovery and analysis of the emission. It 
was pointed out in discussion that the efficiency of such filters for » particles was 
low. 

“Studies on the measurement of photometric dust concentration with the 
konimeter” by Dr, R. Roeper, E. Berlin. Last year Dr. Roeper had reported on 
an extinction-measuring apparatus; this time on the effect on the measurement of 
the vaseline film necessary for retention of dust on the konimeter impaction plate. 
(In W. Germany it is the practice to dissolve away this film before making measure- 
ments.) One looks forward to a further report, on the correlation between the light- 
extinction and the physical parameters of the dust. 

“Photometric evaluation of konimeter and other dust samples” by J. R. 
HODKINSON, London, discussed results of wide-angle extinction measurements 
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on konimeter samples. These give total particle projected-area only when particles 
are black, as also does the filter-paper optical method. Only narrow-angle extinction 
measurements can give particle surface independent of transparency or opacity. 
Wide-angle scattering measurements (e.g. the Tyndalloscope, angle 30°) give par- 
ticle surface-area under certain conditions. A calibration of the Tyndalloscope 
showed scattering per unit area was 3-9 times stronger from limestone than from 
coal dust, compared with a factor 4:2 predicted from a theory approximating 
scattering by diffraction, refraction and reflection. 

“Studies on very fine iron-oxide dusts” by A. ScHUTz, Bonn, described generation 
of this smoke by an arc, giving airborne concentrations of 100-1000 mg/m® of 
chain-like aggregates about | » in length, the ultimate particles being spheres of 
diameter 0-01 to 0-1 «. This was used as a standard aerosol for filter tests. A cine- 
film showed such particles in air flowing between parallel-plate electrodes: when a 
field was applied, impressive chains bridging a | mm gap were formed. 

“Studies on suspended particles in (gas) concentration gradients” by Dr. K. H. 
ScHMITT, Mainz. When a light and a heavy gas diffuse into each other, a particle 
in the resulting gas-concentration gradient experiences a force towards the lighter 
gas, analogous to the force in a thermal gradient. Dr. ScuMitr described his 
theory of this force, and confirming experiments. The principle might not be very 
useful as a means of dust sampling, but might account for some phenomena of 
dust deposition. 

“Recording of air-pollution data” by Dr. G. Woxr, Saarbriicken. The author 
had set up a Hollerith card system of recording data on pollution measurements 
and meteorological conditions. An analysis of the data so recorded is awaited with 
interest. 

“The utilization of alpha-recoil to investigate the depth of penetration of radio- 
active aerosols in filter layers’ by Dr. C. Jecu, Prague. If the activity collected in 
a filter is known, then the difference between the expected and the observed radiation 
gives a measure of the depth of penetration. For membrane filters the depth of pene- 
tration is small and so an emission very readily absorbed by the filter material 
is required, in this case alpha-recoil. 

“A scintillation spectral analyser for aerosol particles’ by B. BiINeK, Prague. 
The air carrying the particles passes through a flame to vaporize them, and a 
photomultiplier records the resulting flash of spectral emission. A single sodium 
chloride particle of 0-1 « can be detected. 

“A centrifugal generator for the production of fluid aerosols” by Dr. J. ANTOSH, 
Prague. A rotor is driven at 1200 rev/sec by compressed air, and the fluid enters the 
rotor along the axis and is forced out radially through a membrane-filter round its 
periphery. This generates very large quantities of particles, all within the range 
0-5—1-5 yu, for aerosol therapy. 

““Coarse-dust determination in the open air’ by Dr. Kroun, Saarbriicken, 
described very extensive measurements of dust deposited on exposed aluminium foils. 
Down-wind of a chimney there occurred a point of maximum weight deposition, 
surrounded by fairly circular deposition contours: the higher the wind-speed, the 
less marked was the maximum. The particles were mostly 50-100 » in diameter. 

“Studies on dust coagulation in ultra-sonic fields” by H. Staats, Saarbriicken. 
Using an intensity of 1 W/cm? at 15,000 c/s, Mr. STAATs obtained about 95 per 
cent collection (total particle count, efficiency fairly independent of size) but only 
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with initial concentrations of several thousand particles per cm*®. The same result 
is obtainable with less energy if the dusty air passes through sieves, on which it can 
be impacted by the ultra-sonic oscillations. 

“On the growth of homogeneous brine droplets in moist atmospheres” by H. 
DaAHLeEM, Mainz. A Sinclair-La Mer type of aerosol generator was described and 
results given. From photometric measurements of the stirred settling of salt droplets 
in a chamber at different relative humidities, a chart of equilibrium drop-size was 
constructed for various salt concentrations and humidities, which agreed with 
previously-published theories. 


J. R. HODKINSON. 
Safety in Mines Research Establishment, 
Ministry of Power, 


Sheffield. 
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ANNOUNCEMENTS 


New Health Security Law in Finland 


AT the beginning of 1959, a new Health Security Law came into force in Finland. 
The law contains two types of regulations: those based on broad principles and 
those dealing with special safety instructions. 

The law applies to all kinds of work, with some minor exceptions, irrespective 
of whether the work is physical or mental, or whether the enterprise is big or small. 

The new law has been extended to cover persons outside normal work contracts, 
e.g. owners of buildings, makers and importers of engines and machines, indepen- 
dent enterprises, etc. Even if the occupiers of a small workshop perform all the work 
themselves the owners also have a responsibility for safety matters on a mutual 
basis. 

Differing from the previous law (enacted in 1930) the new law is based on the 
principle that employees, in addition to employers, are partially responsible for 
work safety. 

The principles in the law are reasonableness and flexibility, so that detailed 
orders made within the framework of the general law will finally define the practical 
details. Labour Inspectors are appointed to ensure compliance with the law. 

The upper limits of penalties have been raised so that, instead of fines, an em- 
ployer who infringes the code can be given up to six months’ imprisonment. 

Special attention has been paid to the importance of occupational training and 
guidance. This special attention is also given to employment in dangerous jobs. 

The following topics are dealt with in that part which covers health and safety: 
health regulations; space of workrooms; ventilation; lighting; temperature and 
humidity; special humidity, draught, temperature, lighting and radiation; dust, 
smoke, gas, vapour; substances hazardous to health; noise, vibration, and air 
pressure; order and cleanliness; personal safeguards; periodical work under 
healthier conditions and shortening of work hours; fire regulations; electrical 
wiring and appliances; danger of falling, of traffic, or of drowning; engines and 
machines; explosive, inflammable, and corrosive materials; first aid; physical 
examination. 

A. JORMALAINEN 


Scientific reports from the Institute of Hygiene and Occupational Diseases 
in Prague, 1952-56, 1957, 1958 


THE Institute of Industrial Hygiene and Occupational Diseases in Prague, which 
is directed by Professor J. TEIsinGerR, has produced three very useful booklets in 
English, summarizing the published work of the Institute. 

The Institute succeeds the former Institute of Occupational Medicine, which 
had developed over a number of years, and was established in 1952 by the Czecho- 
slovakian Ministry of Health as a scientific research institute. The following is 
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a quotation from the introduction to the first booklet describing the structure of 
the Institute. 

“The Institute is divided into the following sections: Hygiene, occupational 
diseases, ionizing radiation and physiology of work. The respective sections are 
further divided into specialized departments as follows: 

Hygiene section: department of air-pollution investigations, department for 
chemical analysis of materials, department of sanitary engineering and spectro- 
graphical department. 

Occupational diseases section: toxicological department, pathophysiological 
department, biological department (for the pathogenetic study of silicosis) and a 
special department for examination of lung function. 

Section of lonizing Radiation: biological department. X-ray dosimetrical 
department, department of health physics, and development department (design 
and construction of scientific apparatus). 

Section of physiology of work: department for physiology of higher nervous 
activity, department of physiological chemistry, department for general physiology 
and department of applied physiology of work. 

The Institute has also a statistical department, library, technical workshop, 
laboratory animals and an administration department. There is no hospital in the 
Institute's possession, but a special section of the Hospital in Prague is at its disposal. 

This clinic is a part of the Medical School of Charles University in Prague. 
The Institute has a staff of 190 employees—18 physicians and 35 other scientific 
graduates.” 

The articles summarized vary from the calorie requirements of various theatrical 
employees to the metabolism of benzene in man and from the side-extraction of 
fumes and vapours from tanks to the pathogenesis of emphysema in agricultural 
workers. The summaries given in the 1958 booklet number 208 and 203 in that for 
1957. The work appears to be far more comprehensive than anything found in this 
country, but it is impossible to provide any comment on the quality of the work 
based only on summaries. These are sufficiently tempting to make one wish to learn 
the Czech language, but examination of some of the originals in Pracovni Lekarstvi 
causes one to realize that the wish is likely to remain unfulfilled. Nevertheless, the 
summaries have sufficient new ideas to make them worth reading but allowance 
should be made for some rather quaint spellings and turns of expression. 


G. G. MATHEW 
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BOOK REVIEW 


H. Munk: Rehabilitation: Vortrage der Tagung der Werksarztlichen Arbeitsgem- 
einschaft in Nurnberg vom 2. bis 4. Oktober 1958. Dr. Dietrich Steinkopff 
Verlag, Darmstadt, 1959. 152 pp., DM 20. 


Tuis publication records the proceedings of the Sth annual study group on in- 
dustrial medicine and safety held in Nuremberg in October, 1958. It contains fifteen 
articles on various aspects of rehabilitation—the rehabilitation of workmen with 
injured spines, with tuberculosis, with psychological disabilities, and with brain 
injuries; safety and rehabilitation in the mines of the Ruhr; injured workmen with 
artificial limbs and fitting them into suitable work, and the adoption of work places 
for injured persons. There are articles reviewing rehabilitation in Europe in general, 
and Germany in particular. Two articles deal with insurance in legal aspects. 


A. P. WRIGHT 


2 
19/60 
233 


Pergamon Press Lid., 1960. Printed in Great Britain 


OBITUARY 


Dr. P. S. Pringle, LL.B., B.Se., M.R.C.S., L.R.C.P., D.L.H. 


Dr. P. S. PRINGLE, chief medical officer of the Central Electricity Generating Board, 
and lecturer in industrial medicine at King’s College Hospital, died on November 
13th, 1959, aged 50 years 

He became the first holder of the office of Chief Medical Officer to the British 
Electricity Authority in March, 1948, having previously held a similar appointment 
with Standard Telephones and Cables Ltd. 

For many years he was honorary secretary to the British group of the Permanent 
International Commission on Occupational Health. 


He was a founder member and president (1957-58) of the British Occupational Vol. 2 
Hygiene Society, and was largely responsible for framing the constitution of the 1959/¢ 
Society. 


| 
Ann. Occup. Hyg. Vol. 2, p. 234. 
234 


Ann. Occup. Hyg. Vol. 2, pp. 235-242. Pergamon Press Lid., 1960. Printed in Great Britain 


REPRODUCIBILITY AND CORRELATION OF 
LONG-PERIOD AND SHORT-PERIOD THERMAL 
PRECIPITATOR SAMPLES OF AIRBORNE DUST 

IN MINES 


J. R. HODKINSON 


Safety in Mines Research Establishment, Ministry of Power, Sheffield 
(Received 20 October 1959) 


Abstract—In dust-sampling studies in coal-mines the reproducibility (at 95 per cent 
confidence level) of a measurement of the mean airborne dust concentration during the 
working shift was found to be approximately +20 per cent (log error +0-0828) by 
long-period thermal precipitator and approximately +35 per cent (log error +0-160) 
by 8 short-period thermal precipitator samples. In the absence of appreciable particle 
overlap there was no significant bias between the long- and short-period instruments. 
Where overlap error in the short-period instrument is appreciable, the long-period 
instrument, which experiences negligible overlap error in most mining conditions, gives 
a higher measurement. 


1. INTRODUCTION 


A NEw, long-period thermal precipitator which is compact and portable, samples 
continuously and unattended for eight hours, and is safe for use in coal mines 


has been developed by HAMILTON (1956). A clockwork-driven reciprocating pump 
inspires and expires 2 cm® of air in each 60 sec cycle. The dust, after passing through 
a horizontal elutriator which eliminates non-respirable particles, is deposited by 
sedimentation and thermal precipitation on a 1-25 cm? area of a single microscope 
slide or cover glass, a microscope count of which gives the mean dust concentration 
in the working shift. The instrument is available commercially and will probably 
be widely used. 

It was to be expected that the number of dust particles larger than | « diameter 
per cm® of air determined by the long-period thermal precipitator should equal 
approximately the number between | and 5 « determined by the standard short- 
period thermal precipitator (WATSON, 1936). In coal-mine dust clouds the number 
of airborne dust particles larger than 5 » is usually less than 20 per cent of the 
number greater than | «, and a proportion of them is eliminated by the elutriator 
in the long-period instrument. This expectation had been roughly confirmed by 
the experiments of BURDEKIN and Dawes (1956) in which the airborne dust in 
a number of collieries was sampled simultaneously by two short-period thermal 
precipitators, one fitted with an elutriator. 

HAMILTON’s (1956) correlation diagram comparing measurements of shift-mean 
air-borne coal-dust concentration made by the long- and short-period thermal 
precipitators has been re-plotted in Fig. 1. It is seen that there is a 14 per cent 
bias between the two instruments. However, for any value of shift-mean con- 
centration C2 given by the short-period instrument, the value C, given by the long- 
period instrument appears to vary over a range of approximately 2C2—-}C2 or 4:1. 
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Some of this scatter is certainly attributable to errors in determining shift-mean 
concentrations by the short-period thermal precipitator, aggravated in this case 
because the measurements were made by several different laboratories, and because 
the number and duration of the short-period instrument’s samples in each shift 
varied. Since the data provides no estimate of the magnitude of this error the 
reproducibility of the long-period thermal precipitator cannot be deduced from it. 


Jj SCALE PLOT OF 
MEASUREMENTS EXCEEDING 
800 PARTICLES PER cm! 


PARTICLES ( ) PER cm! 


$00 600 


SHORT-PERIOD TP PARTICLES (1 to Sy) PER cm) 


(Average of 8 samples per shift) 


Fic. 1. Correlation of shift-mean dust concentration measurements by short- and 
long-period thermal precipitators. 


2. UNDERGROUND STUDY OF INSTRUMENT REPRODUCIBILITY 


Underground trials of the long-period thermal precipitator with a standardized 
sampling procedure, and including a measurement of the instrument error of the 
short-period thermal precipitator, show that the previous results do less than 
justice to the accuracy of the new instrument. 

One long-period and 2 short-period thermal precipitators were set up in a 
return airway 50 yd from a coal face at 2 collieries (D and W), in a uniform dust 
concentration (HODKINSON, 1958). During a total of 13 coal-getting shifts the long- 
period instrument sampled for 4 hr whilst 8 pairs of samples, each covering 25 min 
in every $ hr, were taken by the 2 short-period instruments. An additional 14 shifts 
were sampled by the short-period instruments alone. Afterwards more long-period 
instruments became available and 2 others were then operated together for 15 
shifts at 2 other collieries (C and F). In both kinds of instrument the dust was 
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deposited on a microscope cover-glass and counted with a 2 mm oil-immersion 
microscope objective. 

Figure 2(a) illustrates the instrument reproducibility of the long-period thermal 
precipitator. In the regression analysis (Jessop, 1952) it was assumed that the error 
was log-normally distributed, since this was expected on physical grounds, and 
divided equally between the 2 instruments. The log error of the long-period instru- 
ment, at the 95 per cent confidence level, was found to be +0-0828 (log variance 
0-00172). This means that if a single concentration measurement gives a value C,; 
there is a 19/20 chance that the mean of an infinitely large number of such measure- 
ments, taken in the identical dust cloud, would lie between 1-21 C, and 0-83 C, 
or approximately within +19 per cent (Table 1, line 1). The confidence limits in 
Fig. 2(a) have been drawn on the assumption that the variance of a measurement 


TABLE 1. MAGNITUDE OF ERRORS AND BIASES IN MEASUREMENT OF SHIFT-MEAN AIRBORNE-DUST 
CONCENTRATIONS BY LONG-PERIOD AND SHORT-PERIOD THERMAL PRECIPITATORS 


Error at 95 per cent confidence level 


Logarithmic —~ 
Source of variation variance Logarithmic | As per cent | As per cent of 
of mean central value 


Author's test: Coal-dust clouds, lower particle-size limit 1 » 
bias of long-period vs. short-period T.P.: + 1 per cent. 
(1) Long-period T.P., instrument 
error 0-00172 +0-0828 83-121 +19 
(2) Short-period T.P., instrument 
error in shift mean 


(a) 8 samples in shift 0-00637 +0-160 70-144 +37 
(b) 16 samples in shift 0-00319 +0-113 77-130 +27 
(3) Long-period T.P., combined in- 
strument and correlation error 0-00321 +0-113 77-130 +27 
(4) Long-period vs. short-period 
T.P., correlation error 0:00149 +0-0773 84-120 +18 


Hamilton’s test: Coal-dust clouds, lower particle-size limit 1 » 
bias of long-period vs. short-period T.P. : + 14 per cent. 

(5) Long-period T.P., instrument 

error 0-00327 +0-115 77-130 +27 
(6) Short-period T.P., instrument 

error in shift mean, 8 samples 

in shift 0-0130 +0-228 59-169 +55 
(7) Long-period T.P., combined 

instrument and _ correlation 


error 0-00654 +0-160 69-144 +38 
(8) Long-period vs. short-period 
T.P., correlation error 0-00327 +0-115 77-130 +27 


Hamilton’s test: Rock-dust clouds, lower particle-size limit 0-5 
bias of long-period vs. short-period T.P. : + 3 per cent. 

(9) Long-period T.P., instrument 

error 0-00233 +0-0965 80-125 +23 
(10) Short-period T.P., instrument 

error in shift mean, 8 samples 

in shift 000935 +0-194 64-156 +46 
(11) Long-period T.P., combined 

instrument and _ correlation 

error 0-00465 +0-137 73-137 +32 
(12) Long-period vs. short-period 
T.P., correlation error 0-00233 +0-0965 80-125 +23 


T.P. = thermal precipitator 
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by the first instrument, with respect to a simultaneous measurement by the second, 
is equal to twice the variance of a measurement by either instrument with respect 
to the mean of an infinitely large number of simultaneous measurements. The 
reasonableness of this assumption in relation to these particular measurements 
was confirmed by a regression analysis in which all the error was attributed to 
one instrument, and which did in fact give twice the variance. The confidence 
limits are seen to fit the data well. 
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CORRELATION BETWEEN LONG.PERIOD TP 
(a) REPRODUCIBILITY OF LONG-PERIOD T ( REPRODUCIBILITY OF SHORT-PERIOD TP (SINGL LES) AND SHORT-PERIOD TP 
SINGLE SAMPLES (MEANS OF 6 SAMPLES 


Fic. 2. Reproducibility and correlation of shift-mean dust concentration measure- 
ment by short- and long-period thermal precipitators. 


The instrument error in a shift-mean concentration measurement by 8 short- 
period thermal precipitator samples was determined likewise (Fig. 2(b)). At the 
95 per cent confidence level the log error was + 0-160 (variance 0-00637), in natural 
number form an error of 1-44 C2-0-7 Co, or approximately +37 per cent (Table I, 
line 2). Again, the confidence limits fit the data. It appeared reasonable to assume 
that an estimate of shift-mean concentration based on all 16 of the samples taken 
in the shift could be expected to have half the variance of an estimate based on 
8 samples, i.e. a log error of +0-160/\/2 or +0-113 (variance 0-00637/2 or 0-00319), 
which is a natural number error of 1-30 C2-0-77 C2 or approximately + 27 per cent. 
It is interesting to note that this is a greater error than attaches to a single measure- 
ment by the long-period thermal precipitator, and involves the microscope counting 
of 16 pairs of glass slides instead of just one single slide. 

These values of log error have themselves an uncertainty, at the 95 per cent 
confidence level, of + 100/\/(2 n) per cent, where n is the number of observations. 
In the reproducibility tests of the long-period thermal precipitator this uncertainty 
is then +18 per cent; and in the short-period instrument tests +14 per cent. 
There is thus no serious error in the values of log error deduced. 

Figure 2(c) illustrates the correlation between the shift-mean concentrations 
determined by one long-period and 16 short-period thermal precipitator samples. 
Assuming for the latter the variance of 0-00319 deduced in the previous paragraph, 
regression analysis assigns to the long-period instrument a log error of +0-113 
(variance 0-00321), i.e. a natural number error of 1-30 C,-0-77 C, or approximately 
+27 per cent (Table 1, line 3). 

It will be noticed that the variance of the long-period thermal precipitator 
determined in this way (Fig. 2(c)) is twice as great as when determined directly 
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from a reproducibility test of 2 identical instruments (Fig. 2(a)). This variance will, 
however, be compounded of two parts, namely the instrument error as deduced 
from the reproducibility test and the “correlation error” arising from differences 
in the way dust is sampled, deposited and counted in the long- and short-period 
instruments. There can of course be no guarantee that the instrument error of 
the long-period thermal precipitator used in the correlation test was exactly the 
same as that of either of the two other long-period instruments used later in the 
reproducibility test; but there is no reason to suppose that it was very different. 

There was no significant bias between the long- and short-period thermal 
precipitators. 

A few incidental comparisons of the long- and short-period thermal precipitator 
obtained by CARVER (1958) in the course of another investigation underground 
are shown in Table 2. There is good agreement between the readings of the two 
instruments except in the return airway at colliery H, though even these results 
lie within the confidence limits of Fig. 2(c). It will be seen that the short-period 
thermal precipitator readings in the return airway at colliery H are lower than 
those at the return end of the face. So large a real decrease in dust concentration 
over such a short distance seems unlikely, and it is tempting to speculate that the 
short-period thermal precipitator in the return airway may have been reading 
systematically low. However, the data are insufficient to be sure of this. 


TABLE 2. ADDITIONAL COMPARISONS OF LONG- AND SHORT-PERIOD THERMAL PRECIPITATORS 


Dust concentration, 
particles/cm® in stated 
Number size range 
Colliery Location of instruments period T.P. Short-period | Long-period 
samples Te T.P., 
1-S p > 


Ist day | 12 


Face intake airway 


2nd day 5 


Ist day 
Face return airway 
2nd day 


Ist day 
Face (intake end) 
2nd day 


Ist day 
Face (return end) 
2nd day 


Return airway Ist day 
(10 yd from face) 2nd day 


3. RE-ANALYSIS OF HAMILTON’S DATA 
Some estimate can now be made of the instrument errors in HAMILTON’s (1956) 
correlation test. A few results where the long-period thermal precipitator was 
not functioning properly were rejected, leaving a population of 152 shifts based 
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on an average of approximately 8 short-period thermal precipitator samples per 
shift (Fig. 1). It was then assumed that the division of error between the two in- 
struments in HAMILTON’s test was similar to that in ours, i.e. the instrument error 
in a shift-mean concentration based on 8 short-period thermal precipitator samples 
had a variance 4 times as great as a measurement by the long-period instrument. 

A regression analysis of HAMILTON’s data using this estimate of variance ratio 
gave for the short-period thermal precipitator shift-mean measurement a log error 
of +0-228 (variance 0-0130), i.e. 1-69 C2-0-59 Ce or approximately +55 per cent 
(Table 1, line 6); and for the combined instrument and correlation error of the long- 
period thermal precipitator a log error of + 0-160 (variance 0-00654), i.e. 1-44-0-69 
C, or approximately + 38 per cent (Table 1, line 7). If it is assumed that, as in Fig. 
2(c), there is in this combined error an approximately 1:1 ratio between instrument 
and correlation error, the log instrument error of the long-period thermal precipita- 
tor in HAMILTON’s test is found to be +0-115 (variance 0-00327), i.e. 1-30 C,-0-77 
C,, or approximately +27 per cent (Table 1, line 5). 

A smaller body of data obtained by HAMILTON in a similar way on rock-dust 
clouds, where the lower limit of particle size was 0-5 « instead of 1 », gave similar 
errors and no significant bias (Table 1, lines 9-12). 


4. ACCURACY IN DUST MEASUREMENT 

In comparison with carefully-performed laboratory studies on the accuracy of 
dust sampling instruments (BEADLE and Kerrick, 1955; HASENCLEVER, 1955; 
Sout and Le BourFrant, 1953; BROWN and SCHRENK, 1949), the errors found above 
may seem surprisingly large. However, there is no doubt that large additional 
sources of variation arise in routine measurements underground in coal mines. In 
Table 3 various estimates of the reproducibility of a single thermal precipitator 
measurement are brought together in order of decreasing accuracy. In every case 
a pair of short-period instruments was operated simultaneously in the same dust 
cloud, and the data have been analysed on the assumption of a log-normal dis- 
tribution of error divided equally between the two instruments. 

Except for the first few results, the errors are greater than can normally be 
accounted for by the errors in microscope counting which should not exceed about 
+20 per cent between different observers from the same laboratory. The division 
of error between microscope counting and instrumental errors in the short-period 
thermal precipitator has been analysed in detail by DAwes and MAGuire (1959) 
who conclude that in underground measurements the instrument errors are by 
far the greater. 

It is interesting to note that the variance of a shift-mean measurement based 
on 8 short-period thermal precipitator samples at collieries D and W (Table 1, 
line 2a) is one-half the variance of a single sample (Table 3, line 11). Had random 
microscope counting errors been the chief source of variation the variance ratio 
would have been nearer one-eighth. A systematic instrument bias between the 2 
thermal precipitators that persists throughout one shift, but varies randomly from 
one shift to the next, might account for this result. 
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TABLE 3. REPRODUCIBILITY OF A SINGLE MEASUREMENT OF AIRBORNE DUST CONCENTRATION BY 
SHORT-PERIOD THERMAL PRECIPITATOR, DEDUCED FROM A COMPARISON OF SIMULTANEOUS PAIRS 
OF MEASUREMENTS 


95 per cent 
Particle Whether pairs confidence limits 
size counted by Logarithmic 
range | same or differ- variance As percent As percent of 
m ent observers ofmeanvalue central value 


Laboratory dust cloud 
(1) Dawes et al. (1954) different 0-00137 
(2) STANLEY, unpublished 0- same 0-00137 
report 
(3) Tye, unpublished 
report 0-00176 
Underground dust clouds 
(4) CATCHPOLE, unpub- 
lished report same 0-00214 
(5) Roacnu, unpublished 
report ° same* 0-00265 
(6) WARNER, unpublished 
report same 0-00351 
(7) Colliery D different 0-00395 
(8) Colliery L different 0:00424 
(9) Dawes and MAGUIRE 
(1959) different 0-00735 
(10) BuRDEKIN and Dawes 
(1956) different 0-0105 
(11) Collieries D and W different 0-0131 59-170 
(12) HAMILTON unpublish- 
ed report same 0-0253 48-208 


* Each sample counted by 3 observers 


5. THE EFFECT OF PARTICLE OVERLAP 


When particles are deposited on a glass slide some of them overlap, and if 
aggregates are counted as single particles the airborne dust concentration is under- 
estimated. To correct for the overlap of particles deposited at random, a useful 
formula was derived by Irwin et a/. (1949), and fuller theoretical discussions have 
been given by ARMITAGE (1949) and Mack (1954 and 1956). Davies’s (1954) 
nomogram gives the maximum volume that can be sampled by a short-period 
thermal precipitator in any given concentration of particles of any given r.m.s. 
diameter, to limit the loss in counts due to overlap to 5 per cent. In ROACH’s (1958a 
and 1958b) experiments with short-period thermal-precipitator sampling in a coal- 
mine the overlap errors were considerably larger than this, corresponding to an 
effective dust-deposit width of 0-75 mm, compared with 1-0 mm assumed by 
Davies (1954). Later investigations in the author’s and other laboratories (ASHFORD, 
1960; Fay et al., 1960) however, are more in agreement with Davies than with 
ROACH. 

According to DAvies’s nomogram, and assuming a r.m.s. diameter of about 
4, for the > 1 yw particles in the present investigations, the overlap error is less 
than 10 per cent in the short-period samples at 700 particles per cm*, the highest 
dust-concentration encountered in the comparisons with the long-period instrument 
(Fig. 2a). This error appears to be compensated by the effect of the dead-volume 
of roughly 0-2 cm® in the sampling head of the long-period thermal precipitator. 
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Overlap error in the long-period instrument is negligible, because of the greater 
deposit area, the segregation of coarse and fine particles in the deposit, and the 
exclusion or non-respirable particles by the elutriator. 

In Hamitton’s (1956) comparisons the long-period thermal precipitator reads 
on the average 14 per cent higher than the short-period instrument in coal-dust 
clouds, but only 3 per cent higher in rock-dust clouds underground. This is probably 
due to overlap error in his short-period samples, greater for coal- than for rock-dust 
because of the finer size-distribution of the latter. 


6. CONCLUSIONS 


It is concluded that the reproducibility (at the 95 per cent confidence level) in 
determining shift-mean concentrations of airborne-dust in mines by long-period 
thermal precipitator can be as good as +20 per cent but may be as poor as + 30 
per cent if the dust-sampling procedures are not standardized. A shift-mean determi- 
nation by 8 short-period thermal precipitator samples gave a worse accuracy, about 
+35 per cent, in return for a much greater effort in taking and counting samples. 

In most coal-mining conditions particle overlap errors in the long-period thermal 
precipitator are negligible. Its measure of the airborne concentration of particles 
greater than | , is in agreement with the concentration of 1-5 « particles determined 
by short-period thermal precipitator, when the latter’s samples are also free from 
overlap error. When they are not, owing to higher dust concentrations or greater 
volumes sampled, then the long-period thermal precipitator gives a higher, and 
more correct, measurement than the short-period instrument. 
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Abstract—The paper describes an indirect method for determining the rate of air change 
in ventilated spaces by means of carbon monoxide. The concentration of carbon monoxide 
was found by an infra-red analyser which proved to be very precise and sensitive and 
made it possible to carry out analyses in a short time. The paper concludes with a 
discussion of the natural ventilation of rooms, based on the measurements. 


IN ventilation we often come across cases where the rate of air change in a ventilated 
space cannot be determined directly by measuring the amount of inlet air and 
outlet air. As a rule this occurs in rooms ventilated naturally. In direct determin- 
ations we get the average rate of air change / in the whole space v by the equation 


= — air changes/hr, (1) 


t 


where V is the volume of air flowing through the room per hour. In different 
parts of the ventilated space the rates of air-change are generally different, and may 
vary from the mean values or even be considerably different. Thus the direct 
method does not make it possible to determine local intensities of exchange, and 
where we cannot measure the amount of air V the method does not ascertain even 
the mean intensity of exchange. In such cases it is possible to use the indirect method, 
whereby we measure the rate of decrease of concentration of a definite, easily 
determined gas, which we let into the room in a convenient amount (Dick, 1950). 
This method may seem simple, but requires careful selection of a suitable gas 
and a sufficiently sensitive, accurate and rapid analytical method for determining 
the gas concentration. 

The added gas should be of approximately the same density as air to promote 
good mixing with the air, so that there does not arise any accumulation of gas in 
a particular zone during the time of measurement. The gas must be used furthermore 
in concentrations which, in short-time operations, are neither harmful nor explosive. 
It is difficult to find a gas which would satisfy all these requirements. Some authors 
have used carbon dioxide, which is heavier than air, and the methods for its deter- 
mination are not sensitive and accurate enough. Nitrous oxide has been used 
successfully (HIGGINS and SHUTTLEWORTH, 1958; LEACH and WALKER, 1959). 
Hydrogen and helium are considerably lighter than air, so that it is questionable 
to assume an even distribution of concentration in the space. Apart from this, 
hydrogen becomes explosive in a 4 per cent concentration, and helium is a very 
expensive gas. The attempt to find a sensitive method of detection of a substance 
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244 
added in a small amount resulted in the use of radioactive substances such as 
xenon (WILLAX and Marer-Lerpnitz, 1955). With these a short half-life is necessary. 

Having compared different substances and methods for their determination in 
air, we decided to use carbon monoxide, as its density is only slightly different 
from that of air. Determination of carbon monoxide through absorption of infra- 
red radiation permits the employment of very low concentrations and there is no 
toxic or explosion risk. 


EQUATION FOR DETERMINATION OF RATE OF AIR CHANGE 

In the ventilated space we designate the space element (Fig. 1) of volume v, 
through wich passes an amount of air V with an initial concentration of added 
gas k,. The concentration in outgoing air from the element is called & and the change 
of gas concentration in the element in time dt will be dk, so that 


V(k dt = —w.dk, 


To this equation we add the rate of air change according to the equation (1) 
and thus we get 


In(k—k}) = (2a) 


The integration constant C can be ascertained from the condition that at time 
t = 0 the initial concentration in the element is kK = ko. Thus 


C= In(ko— ky), 


and after adding this to equation (2a) we get the final form of equation for the 
rate of air change 


1 ko—ky 
In 


2b 
t k—k, 


If we operate with an added gas which is not a part of the fresh ventilating air 
then k, = 0 and the equation (2b) is simplified as follows 


(3 
= n = Z2°3SU3 - oF 


The concentration of the added gas in the ventilated space decreases expon- 
entially, and on semi-logarithmic paper will be representing dependent on time, ¢, 
as a Straight line. We start measuring at the time (t = 0) when the added gas must 
be well mixed in the space and in a uniform concentration. 


V 
k, 


Fic. 1. Derivation of the equation for the rate of air change. 
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GAS EMISSION AND SAMPLING 

Rates of air change were measured in a laboratory the design of which is shown 
in Fig. 2. The height of the room was 3-74 m. Before the experiment started, carbon 
monoxide was let in through rubber tubing, 6 mm in diameter, from the adjoining 
room. During this operation the air and CO were mixed by means of a table fan 
which was kept working for another 10 min after the emission of CO ceased. 
Concentrations of CO were measured at different places and heights in the laboratory 
under different air conditions and with different sizes of ventilation openings, 
in this case the windows. 
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Fic. 2. Design of laboratory. 1-9 show sites of measurement. The dimensions of 
the windows are given in cm. 


Fic. 3. Schematic diagram of infra-red gas analyser. 
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Air samples from the test chamber were taken by rubber tubing (inside diameter 
about 6 mm, 4 m long) to a gas burette filled with mercury, and thereafter the air 
was blown into rubber balloons, the volume taken being 0-5 to 1 1. of air. Before 
taking individual samples the rubber tubing, as well as the burette, was rinsed 
through with sample air. In cases where the decrease of concentration in the room 
was followed continually, the air was sucked directly into the analyser through a 
diaphragm pump: the flow of gas through the analyser was about 0-5 I/min. 

All analyses were carried out with an improved analyser, type SCL, made 
by the Infra-red Development Co. Ltd., of Great Britain (Fig. 3). 


THE RESULTS OF MEASUREMENTS AND THEIR ASSESSMENT 

The variation with time of measured values of concentrations in a certain place 
was plotted on semi-logarithmic paper. Fig. 4 shows the k-values obtained by 
measuring in the centre of the room at 1-5 m above the floor (line 1) and at 2-5 m 
(line 2). Windows were closed, mean temperature of inside air was 21-5 “C, outside 
air being 5-5 “C, northwest wind, strength 2-3 (Beaufort Scale). The rate of air 
change at a height of 1-5 m was 0-64/hr and at a height of 2-5 m it was 0-60/hr. 
As will be seen from the graph, the measured points in the semi-logarithmic plot 
really lie on a line. 
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Fic. 4. Dependence of concentration on time at low rate of air change. 


The example presented shows that the method described is reliable even for 
very small air changes occurring in rooms with the windows closed. The method 
can also be utilized for measuring considerably higher air changes; see Fig. 5. 
In this case the upper parts of both windows were quite open (area 1-75 m*) so 
that the rate of air change in the centre of the room, at the height of 1-5 m, increased 
to 5-55 changes/hr. Temperature in the laboratory was 25 “C, outside temperature 
1-8 °C, northwest wind, strength 2-3. 

It is evident, from a great number of measurements, that in the case of closed 
windows (whether double or single) the intensity of air change was low, varying 
from 0-46 to 0-76/hr, mean value being 0-58/hr. When the lower part of one window 
was opened a little (area 0-3 m*) the intensities of air change increased to 0-95/hr. 
When opening the lower part of the window fully (area 0-94 m*) the intensity 
increased significantly, i.e. it reached the values 2-8-4/hr. On opening one part 
of both windows (area 1-92 m*) the intensities reached higher values than 5/hr. 
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Fic. 5. Dependence of concentration of time at high rate of air change. 


These results confirmed the idea (PULKRABEK, 1953) that it is more efficient to 
ventilate living spaces, class-rooms, smaller kitchens and workshops with insigni- 
ficant occurrence of toxic substances, through windows of large dimensions open 
for short periods of time than by continual ventilation through small openings; 
for example, ventilation through leaks which attains only a small rate of air change. 
The recommended way of ventilating is more convenient with regard to thermal 
losses caused by ventilation. 


735 0,55 
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Fic. 6. Rates of air change per hour measured at different levels. 


The air change in different parts of the space showed only slight differences 
both in horizontal and vertical directions. Fig. 6 gives the local rate of air change 
found when the windows of the laboratory were closed. Slight bending of the curve 
is caused by air circulation occurring, especially when the heating unit is situated 
at the inside wall opposite the windows. 


CONCLUSION 
The indirect determination of the rate of air change by means of carbon mon- 
oxide offers the possibility of measuring in detail the different systems of natural 
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and forced ventilation, and to select, in an objective way, adequate types of equip- 
ment and accessories. Thus it is a means for further research work, besides current 
control measurements, on the subject of the total ventilation of rooms. 
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Abstract—Apparatus previously used for maintaining a dusty atmosphere for inhalation 
experiments fails when applied to fibrous dusts like asbestos. An apparatus is described 
which will automatically maintain a dust-laden atmosphere for long periods at a reason- 
ably steady level. A simple method for varying the dust level is provided and there are 
adequate safeguards against failure. 


Aspestos dust has been administered to animals by inhalation with rather crude 
apparatus. For example, GARDNER used an inhalation chamber in which wooden 
paddles revolved in a hopper containing asbestos (VORWALD ef al., 1951). Wire 
brushes attached to the blades of the paddles prevented the formation of balls of 
fibre. 

Early tests indicated that any attempt to create air-borne dust simply by blowing 
air through preformed dust would fail because the fibres tend to cling to one another 
and to form fluff balls; and slow-running apparatus of the type designed by WRIGHT 
(1950) jams when a mat of fibres forms. The most promising experiments involved 
the breaking-up of material in a high-speed disintegrator and the removal of the 
smaller particles, as formed, in a stream of air. This necessitated a suitable dis- 
integrator which would be capable of prolonged running without failure and 
which would not contaminate the material. 

Chrysotile was put into six small commercial disintegrators; some would not 
deal with the material, the asbestos merely becoming matted around the grinding 
chamber. Others gave a powder that was heavily contaminated by iron. The only 
machine which gave a satisfactory product was the Micro Hammer Mill (supplied 
by Glen Creston Ltd.), a small machine, driven by a 200 W motor, in which the three 
hammers and the lining of the mill housing are of hardened stainless steel. The 
magnitude of the clearance between the hammers and the walls of the grinding 
chamber appears to be critical; if it is too large the fibres form a layer around the 
chamber, if too small the disintegrator jams and much heat is generated. The fine 
dust was cleared from the mill via the hopper by a stream of air. The air was 
led into the chamber through the discharge tube of the mill, which was closed by a 
rubber bung carrying a glass or metal tube. The air-stream was supplied by a 
double-piston pump (Leon Compressor, No. 1). (Diaphragm pumps even of large 
capacity proved unsuitable ; clogging of the inlet tube by the dust inevitably occurred 
during prolonged running.) 

Continuous running of the apparatus necessitated a controlled feed of raw 
material into the hopper. Two methods of feed were satisfactory. In the one, a 
tube of about 4 cm dia. carried a wire spiral, 3cm dia. The spiral, when rotated 
electrically, carried the asbestos along the tube. 
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The final design (Fig. 1) utilizes a cylindrical hopper closed by a wire mesh 
screen which can be shaken in a horizontal plane by an arm activated by a solenoid. 
When the apparatus is running, the screen is intermittently shaken, the intervals 
between the periods of activation being controlled by the current in the armature 
winding of the motor driving the disintegrator, and this in turn by the load in the 
disintegrator. 

Before being fed into the hopper, the asbestos is ground to a uniform size in 
another hammer mill used in the normal manner. This grinding process is very slow 
when normal screens are used, but it is greatly accelerated if the screen is replaced 
by a rectangle cut from a “Surform” (Firth Vickers) file. The mill then gives a 
uniform product suitable for feeding through the hopper. 
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AIR FLOW THROUGH DISINTEGRATOR (LITRES/HOUR) 


2. Relation between dust concentration in tunnel and airflow 
through disintegrator. 


The solenoid which operates the hopper is controlled by two independent 
mechanisms. A process timer (Sangamo Weston) can be pre-set to give impulses 
at selected intervals of predetermined duration. A cut-out switch, operated by the 
current passing through the motor, monitors the control and inactivates it if the 
disintegrator is not cleared. This dust-feed mechanism is intended for very prolonged 
running, and an added precaution is provided in case, through any failure, the 
disintegrator becomes jammed and the motor is in danger of burning out. The 
ultimate safeguard is a switch which operates when a bi-metal strip in the motor 
housing reaches a temperature of 80 “C, corresponding to an interior temperature 
of 120 °C. If this happens, the apparatus is closed down and will not re-start until 
the switch is re-set manually. 

Using this set-up, which is described below in detail, and passing the dust- 
laden air from the hopper through a rectangular aperture into a perspex dusting 
tunnel, (section 35x 25cm) through which air was drawn by a Vent-Axia fan, 
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15 cm dia., tests were made to determine the value of the dust concentration 
attained during a prolonged run and the effect of varying the rate of flow of the air 
pumped through the mill. A thermal precipitator was placed in the tunnel and dust 
samples were taken at intervals over periods of minutes. 


DUST CONCENTRATION (PARTICLES/cc) 


ta 2 3 


Twe (eu) 


Fic. 3. Variation in the dust concentration in the tunnel over 5 hr period. 


Counts on the thermal precipitator samples show that an atmosphere containing 
up to 3000 dust particles per cm® can be maintained with this apparatus. The 
quantity of dust which passes into the dusting tunnel and its particle size is related 
to the rate of air-flow through the mill (Fig. 2), and so, within certain limits, an 
atmosphere having any pre-selected dust concentration can be maintained. Fig. 3 
shows the hour-by-hour variation in the dust concentration during a 5 hr period 
in a prolonged run. Thermal precipitator samples were taken over a 10 min interval 
at each of the stated times. The degree of control is certainly adequate for inhalation 
experiments with experimental animals. A photomicrograph of the dust particles 
collected from the atmosphere of the dust tunnel is shown in Fig. 4. The approximate 
particle size distribution in a thermal precipitator sample taken from our tunnel 
and in a sample similarly collected from the air of a works where asbestos was 
being carded, are given below. 


Fibre length » 5-10 10-20 20-50 50-100 
Dust tunnel 40 10 2 I 
Carding room 20 10 3 l 


DETAILED DESCRIPTION 


(A schematic wiring diagram is given in Fig. 5). 


The production of an atmosphere laden with asbestos dust is carried out in 
two stages: the mineral is coarsely powdered in a hammer mill; the powder is then 
introduced at a controlled rate into a second, modified, hammer mill and the dust- 
laden air within this mill is discharged into the main aspirated airstream. 


Vol. 2 
1959/€ 


sor 
| 
400r 
| 
300} 
2 


Fic. 4. Part of a thermal precipitator sample taken from the dust tunnel ( x 570). 
Long particles are completely out of focus, and hence invisible 
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MILL LOAD CURRENT 


Fic. 5. Schematic wiring diagram. 


THE HAMMER MILL 


The mill selected both for breaking down raw asbestos and for producing dust 
is a small laboratory machine marketed by Glen Creston Ltd. It is driven by a 


universal motor 0-9 A, 6000 rev/min with a gear unit to run the hammers at 3000 
rev/min. There are three swinging hammers of hardened stainless steel revolving 
within a casing of aluminium, lined with hardened stainless steel. The lining, 
3 in. dia., and axial depth 1 in., is grooved; the minimum clearance between the 
hammers and lining is 15/1000 in. A slide-in screen which occupies 60° of arc is 
fitted above the outlet. 


USE OF THE MILL FOR FIBRE BREAKDOWN 

To prevent the escape of dust during breakdown, the mill is housed in an 
enclosure, with external access for feeding and emptying, and ventilated by an 
extractor fan. A glass feeder-tube is fitted, 2 in. dia., curved at the bottom to direct 
the charge straight on to the revolving hammers. With the hammers rotating at 
full speed, small pieces of asbestos of matchstick proportions are fed manually 
into the top of the tube. The pulverized asbestos falls by gravity into a container 
beneath the mill outlet. The screen which gave excellent results was a piece of a 
“Surform” file, fitted so that the hammers force the asbestos on to the cutting edges 
of the file. 


ADAPTATION OF THE MILL FOR DUST FORMATION 
General 
For the production of dust the mill is operated in an enclosure at one end of 
an experimental dust tunnel. Air is drawn steadily past the mill hopper and through 
an aperture leading to the tunnel by means of an extractor fan. The electrically- 
operated feed (Fig. 6) is a screen (0-4cm mesh) which closes the funnel-shaped 
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lower part of the cylindrical hopper containing the ground asbestos. A rod connects 
the screen to a tuned diaphragm operated by an electro-magnet. When alternating 
current is supplied to the electro-magnet, the screen oscillates horizontally and the 
amplitude of oscillation can be controlled by a variable resistance. Only when 
activated does the screen permit the flow of asbestos. It is monitored by a timer or 
a system sensitive to the load-current. Feed pulses may thus be arranged at timed 
intervals and for a timed duration; or, alternatively, the feed may be automatic, 
corresponding to a pre-set value of the average load-current in the mill motor. 


FILLING APERTURE 


STORAGE HOPPER 


PULVERISED ASBESTOS 


Fic. 6. Electrically-operated hopper feed. 


The screen is removed from the mill. A rubber tube leading from an air supply 
is sealed into the normal outlet of the mill so that its end is just cleared by the 
revolving hammers. This air is supplied by a piston pump (Leon) and the rate of 
flow is measured by a bubble flow-meter (Fig. 7). 


Fic. 7. Method of monitoring airflow through the disintegrator with a 
bubble flow-meter. 
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Operation 

(a) Timed feed. The supply hopper is filled with powdered asbestos and the 
mill is run at maximum speed. An appropriate rate of airflow is maintained through 
the mill. An initial charge of pulverized asbestos is fed to the mill by operating a 
switch which over-rides the timer. The switch is depressed for some seconds until 
the quantity of asbestos entering the mill has brought the mill load current to a 
required average value. A light dust cloud then joins the main airstream over the 
mill hopper and passes through the aperture into the experimental tunnel. 

The current in the motor gradually falls as the asbestos is consumed, and the 
timer is set to actuate the feed mechanism every five minutes. The duration of the 
feed-impulse is set so that the load-current does not exceed 0-7 A and the motor 
runs at the no-load figure of 0-35 A for a minimum period. 

(b) Automatic feed. The rate of feed of the pulverized asbestos can be regulated 
by the content of the mill hopper, which is reflected in the load current of the mill 
motor. A variable resistance sets the desired mean load current, the actual load 
current fluctuating between predetermined minimum and maximum values. On 
falling to the minimum value the feed system operates and is cut off when the 
current rises to the maximum value permitted. 


Be 


MECHANISM 


Fic. 8. Automatic control system for dust feed. 
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The automatic control system (Fig. 8) comprises two inter-connected relays 
whose coils are each excited by direct current. One relay with contacts in the feed 
circuit has a pair of identical coils operating in opposition; a second relay is excited 
with full-wave rectified current, proportionate by potentiometer adjustment to 
the mill load current. 

The circuit diagram shows the positions of the contacts when the current- 
sensitive relay is responding to the maximum current; contacts no. | are closed 
and neither of the feed relay coils is energized. When responding to the minimum 
current, contacts no. 2 are closed and the coil DC is energized and held through 
its holding contacts no. 3. Contacts no. 4 are then closed, permitting feed. 

Reverting to the maximum current position, contacts no. | re-close and, as 
contacts no. 3 are already closed, coil AB is energized in addition to DC. Since 
AB and DC are connected in opposition, contacts no. 3 and no. 4 open, cutting 
off the feed, and the cycle is renewed. 


Protective Devices 

Circuit-breaker. An instantaneously operating miniature circuit-breaker trips 
at 3-5 A and quickly covers any fault condition. 

““Simmerstat™. If there is any tendency for the mill motor to overheat when 


on continuous operation, the whole system may be run intermittently from a 
“Simmerstat” to give a load factor of, say, 80 per cent. 


Feed restriction. When on timed operation, the current-sensitive relay ensures 
that feed is prevented until the motor current has fallen below a pre-set value. 


Thermal trip. A bi-metal strip attached to the casing of the mill motor trips 
the supply relay if the temperature of the casing exceeds 80 °C. 
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FIBROSIS AND COLLAGEN IN RATS’ LUNGS 
PRODUCED BY RADIOACTIVE MINE DUST 
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Department of Physiology, University of Stellenbosch, South Africa 
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Jones (1933) stated that the gold-bearing quartz conglomerate (banket) of the 
Witwatersrand, South Africa, is one of the most notoriously dangerous rocks with 
respect to its silicotic effect. He maintained that the micaceous matter (the hydrated 
silicate of aluminium and potassium), rather than the quartz, is concerned in the 
pathogenesis of silicosis. 

Many authors (FALLON and BANTING, 1935; LEMON and HiGGins, 1935; 
SIMSON and STRACHAN, 1935; CUMMINS, 1937; BeLT and KING, 1945; KING et ai., 
1947; LANDWEHR, 1948; PFEFFERKORN, 1950) investigated the fibrogenicity of sericite 
with quite diverging results. The evidence appears to be in favour of quartz as the 
noxious agent in mine dust, but it cannot be said with certainty that sericite is 
harmless. MEITER and TOERING (1945) stated that pure sericite is harmless but 
that it becomes more harmful with increasing quartz contamination. LANDWEHR 
(1948) and PFEFFERKORN (1950) suggested that sericite does not cause silicosis by 
itself, but that it acts as a catalyst, enhancing the action of quartz». MAVROGORDATO 
(1940) concluded that the Rand miners suffer, and have always suffered, from a 
pneumoconiosis associated with exposure to free silica and not sericite. 

As far as we know, no other plausible explanation has been offered for the 
extremely dangerous silicotic effect of the S.A. gold-bearing rock. Although GALLEGO 
(1948) advanced a hypothesis that the natural radioactivity of rocks plays a part 
in the aetiology of silicosis, this is not generally accepted. According to the United 
Nations Scientific Committee on the Effects of Atomic Radiation (1958), radio- 
active elements are more commonly associated with certain types of rock than 
with others, and potassium, thorium and radium show a tendency to be concen- 
trated in rocks with a high silicon content. WATANABE (1957)* claimed that natural 
radioactive feldspar and allanite, with a relatively high radioactivity, produced 
progressive fibrotic nodules in animals in a short time, while the control, non- 
radioactive feldspar and allanite dusts, caused no fibrotic lesions over the same 
experimental period. 

The quartz rock of the Witwatersrand gold mines contains radioactive material 
(OOSTHUIZEN et al., 1959), and it occured to us that the presence of a relatively 
high concentration of radioactive material in the gold-bearing rock might be a 
contributory factor in the aetiology and pathogenesis of silicotic fibrosis. 

Animal experiments were therefore planned to examine the fibrotic response 
caused by radioactive and non-radioactive samples of mine dust. 


*We are indebted to Prof. E. J. Kinc, Postgraduate Medical School, London for drawing 
our attention to a publication by K. WATANABE (1957) when a copy of the original manuscript 
was submitted to him. 
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MATERIALS 

The dust samples used in these experiments, except Snowit, were modifications 
of an original dust sample obtained from one of the gold mines on the Witwaters- 
rand, Union of South Africa, which also produces uranium. 

The following samples were used: 

Ri: original mine dust. 

Re: this sample was prepared from the original mine dust by sedimentation 

in distilled water. After 20 min the very fine particles still in suspension in the 

supernatant were centrifuged off. 

Ro: this sample was prepared from the original mine dust by treating it with 

acid to remove its radioactive material (SNELL and SNELL, 1937). 

Rs: this sample was prepared by mixing equal weights of Re and Ro. 

Snowit (Belgian quartz) was included as a control for the mine dust samples. 

All the fractions except Re and Snowit were ground in an electrically driven 
agate mortar for at least 24 hr, or till less than 5 per cent of the particles were greater 
than 10 wu. Silica determinations were done on each sample according to the method 
of Stacy and KinG (1954). The particle-size-distribution and the silica content of 
each sample are given in Table 1. 


TABLE |. SIZE DISTRIBUTION OF PARTICLES AND SILICA CONTENT 
OF THE DUST SAMPLES 


Snowitl 


5-10. 


Silica 


Radioactivity 
The concentration of uranium in the original mine dust sample was not known, 


and it was therefore decided to measure the relative 2-, 8- and y-radiation of 
the various samples used. Samples 3 and 5 showed no radiation. 

The relative «- and 8-counting rates of samples Ri and Re were determined 
in a windowless gas-flow counter, operated in the proportional region. The 2- 
and «+ 8-counting rates could therefore be recorded separately. The construction 
of the counter made it impossible to use infinitely thick layers of dust, and 3-68 g 
of each sample were counted in a tray with a diameter of 5-5 cm. Homogeneous 
surface layers were obtained by mixing the weighed samples with water to obtain 
a thin paste, and subsequent drying under an infra-red lamp. 

The relative y-counting rates were obtained by counting 1-0 g samples of each 
dust in a Nal well-type scintillation counter. This is a fairly accurate measurement 
of the relative uranium concentration because of the relative independence of the 
method of particle size, density and source preparation. Except when the samples 
were of low activity, at least 10,000 counts were recorded to give a statistical 


accuracy of | per cent. 
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Re Rs Ri Ro 
(%) (*,) (%) 
10 3-3 21 0-5 0-8 

40 18-8 9-5 10 1-7 

950 77-9 88-4 98-5 97-5 
94-0 66-0 76-0 84.0 86-0 ; 
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The «-, 8- and y-counting rates for samples Ri and Re corrected for background, 
as well as the ratios, for each type of radiation between the samples are summarized 
in Table 2. The radiation of Rg was not determined because it consisted of equal 
weights of samples Re and Ro. Since the latter sample was not radioactive, the 
radiation of Rg should in fact be half that of sample Roe. 

TABLE 2. a-, B- AND Y-COUNTING RATES OF DUST 


SAMPLES AS DETERMINED WITH A WINDOWLESS GAS- 
FLOW AND WELL-TYPE SCINTILLATION COUNTER 


Counting rate (counts/min) 
Dust Sample —— 
xz 


* The differences in the ratios are probably due 
to the difference in the size of the particles 
and difference in the composition of the 
samples introduced into the detectors. 


Preparation of dust suspensions for injection 

Of each sample 2g were accurately weighed out into screw-capped bottles, 
40 ml of sterile physiological saline added to each, and sterilized in a boiling water 
bath for 30 min. In all samples, | ml of suspension corresponded to 50 mg of dust. 


Animals 

Five groups of 20 rats (Rattus norvegicus, Wistar Institute) were injected with 
one each of the five samples in doses of 50 mg of dust per animal. The intratracheal 
injection method of KING ef a/. (1953) was used. 


Duration of experiments 

The experiments lasted 370 days and the rats were killed at intervals as indicated 
in Table 3. Owing to the limited number of rats and a few deaths, duplicate killings 
could not be performed in all cases. The lungs of the animals that died were dis- 
carded after post-mortem examination. 


Histopathological technique 
The lungs were fixed in 10 per cent neutral formol saline, and blocks selected 
along their long axes at the level of the hilum. Sections were made at 6 » and were 
stained with haematoxylin and eosin and by silver impregnation (GORDON and 
Sweet, 1936). The sections were examined and the pulmonary fibrosis graded 
according to KING ef a/. (1955). Five grades of fibrosis were recognized: 


Grade I, loose reticulin fibres with no collagen; 

Grade Il, compact reticulin with or without a little collagen; 

Grade ILI, somewhat cellular but made up mostly of collagen; 

Grade IV, wholly composed of collagen fibres and completely acellular; and 
Grade V, acellular, collagenous and confluent. The gradings and days of survival 
are summarized in Table 3. 
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Chemical analysis 

The remainder of the formol-fixed lungs of each animal together with the 
remainder of the de-waxed blocks and trimmings were dried at 108 °C. After fat 
extraction for 12 hr with an ether-alcohol mixture, the lungs were dried again and 
powdered till all the material passed through a 60-mesh sieve. Only small amounts 
of lung tissue, including those in the sections, were thus lost to analysis. Collagen, 
silica and phosphate estimations were done on the powdered, fat-free, dried lung 
tissue by the method of Stacy and KING (1954). 


PATHOLOGICAL FINDINGS 
Gross appearances of the lungs 

Fibrosis appeared to develop more slowly and also in smaller amount in the 
lungs of the R; and Ro groups than in those injected with the Ro and Rs dust 
samples. Snowit was by far the most pathogenic, and confluent fibrosis appeared 
much earlier and the lesions progressed more rapidly. Greyish irregular dust foci 
were visible sub-pleurally in all animals killed. The size of these lesions increased 
steadily and became firmer in consistency, especially in the Snowit, Re and Rg3 
groups. There was little change in the macroscopic appearance of the lungs of the 
Snowit rats after 210 days, but in the other groups more and more of the lung 
parenchyma was steadily involved in the fibrotic process up till 370 days when the 
experiment was terminated. 

The hilar lymph nodes of all the groups of animals increased in size, the increase 
being greatest in the Snowit and R» groups, with a very moderate increase in the 
other groups. The average weight of the lymph nodes in the different groups 
increasec in the order Ro < R; < < Ro < Snowit (Table 4). 


TABLE 4. AVERAGE WET WEIGHTS OF HILAR LYMPH NODES PER RAT (MG) 


Days Snowit Re Rs 


0-90 250-0 33-7 18-0 ‘17-2 
120-180 402-3 95-3 53-0 22-0 24:4 
210-280 287°8 116°6 62-7 67:3 35-0 
310-370 366°5 167-2 48-9 54:7 

Average 366°5 49-6 39-0 32°8 


Microscopic study of the lungs 

The pulmonary lesions produced by the different dusts varied both in rate of 
formation and in severity. In the Snowit rats, fibrosis developed more rapidly than 
in any other group, and by 30 days Grade III fibrosis was obtained, and Grade V 
fibrosis at 210 days. The various mine dust modifications produced much fewer 
and less rapidly progressive lesions than did the Snowit. The maximum degree of 
fibrosis (Grade V) was obtained by 370 days with Re dust, while Rs, R; and Ro 
all gave Grade IV at this time. The Ro and R3 samples appeared to be more patho- 
genic than samples Ro and R;. They produced Grade III fibrosis by 180 days, 
while the Ro and R; groups only reached Grade II. Photomicrographs of the lesions 
at 210 days are shown in Figs. 1-5. 

From the histology it appeared that relatively more cell destruction occurred 
in the lungs of the Re and R3 groups than in the lungs of the other groups, especially 
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during the early stages of the experiment. Whether this was due to the presence of 
radioactive material is not certain. However, the fibrosis in these groups was more 
diffusely scattered, rather than nodular in character as in the Snowit group. The 
collagen strands were never as thick as those observed in classical silicotic nodules. 

Hyperplasia of the peribronchial lymphoid tissue was a common feature in 
nearly all the sections examined, especially in the Snowit, Re and Rs groups. 
Scattered collections of lymphocytes were observed in the advanced nodules near 
the blood vessels and bronchial tubes. 

Another prominent feature was the presence of needle-shaped, probably 
crystalline, structures in the lungs of the rats injected with Re and Rs. In the Ro 
and Snowit groups these structures could not be detected, while in the R; group 
only a few “crystals” were found in some of the sections. These structures were 
especially abundant in the acellular nodules of the Re and Rg series, but were 
also present in some macrophages, in some alveoli and in a few loosely arranged 
cellular fibrotic nodules. 

Collagen analyses were carried out by the technique of Stacy and KING (1954), 
and triplicate estimations were done on the lung tissue from one but sometimes 
from two rats. Detailed results of analyses are given in Table 3. The increases in 
collagen with time were plotted and regression lines were calculated. The straight 
lines obtained did not always pass through the origin of the co-ordinate system, 
but the slope of these lines gives a measure of the fibrogenic activity of the different 
dust samples (Fig. 6). According to these lines the fibrogenic power of the different 
dusts increased in order Ri < Ro < R3 < Re < Snowit. According to statistical analyses 
of the data, Snowit produced significantly more collagen than the other dust 
samples. The amount of collagen produced by Re and R3 dusts showed no significant 
difference, and the same applied to the R; and Ro dusts. However, the collagen 
production of the Re and Rs dusts differed significantly from that produced either 


by or Ro. 


ec 
Fic. 6. Regression lines of total collagen (mg) 
produced by the different mine dust samples ¢ 
against time | 
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Fic. 1. Rat lung, 210 days after injection of 50 mg Ro-dust, (acid treated). Compact 
nodules composed mainly of thick collagen fibres; Grade 3 fibrosis. Silver im- 
pregnation (X 80). 


Fic. 2. Rat lung, 210 days after injection of 50 mg of the original mine dust (21). 
Small dust foci composed of reticulin and some collagen fibres; Grade 2 fibrosis, 
minimum. Silver impregnation (X 80). 

Fic. 3. Rat lung, 210 days after injection of 50 mg R3-dust (mixture of equal parts 
of Re and Ro dusts). Irregular shaped nodules composed of a loose network of 
collagen fibres; Grade 3 fibrosis. Silver impregation (X 80). 

Fic. 4. Rat lung, 210 days after injection of 50 mg Re dust. Nodule composed 

mainly of collagen fibres; Grade 3 fibrosis. Silver impregnation (X 80). 
Fic. 5. Rat lung, 210 days after injecticn of 50 mg Snowit. Thick collagen fibres 
forming a compact lesion; Grade 4 fibrosis. Silver impregnation (X 80). 
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The amount of silica injected and the average percentage retention for each 
group of animals are given in Table 5. Statistical analyses of the data indicated 
that there was no correlation between the elimination rates of silica with time. 
Neither was there any correlation between the amounts of silica retained and the 
amounts of collagen produced, nor a correlation with the weight increases of the 
lymph nodes. 


TABLE 5. SILICA CONTENT OF SAMPLES; AMOUNT INJECTED INTO EACH ANIMAL AND 
AVERAGE PERCENTAGE SILICA RETENTION PER RAT LUNG TAKEN OVER ALL 
KILLING TIMES 


Snowit 
Silica content of 
samples (mg/°,) 94-0 
Mg of silica 
injected rat 47-0 
Average silica 
retention/lungs (°.) 


The increases of the total phosphate of the lungs of all the groups except Snowit 
showed a significant correlation with time and also with the increases in the collagen 
content, as well as with the weight increases of the lymph nodes with time. The 
average phosphate content of the lungs in the different groups is given in Table 6. 


TABLE 6. AVERAGE COLLAGEN AND PHOSPHATE CONTENTS OF LUNGS IN MG ° 
OF DRIED LUNG AND MG/RAT LUNGS OVER ALL KILLING TIMES 


Snowit Ro 


Average collagen (mg; 
of dried lung) 
Average total collagen 
(mg/rat lungs) 
Average phosphate 
(mg/°. of dried lung) 
Average total phos- 
phate (mg/rat lungs) 


COMMENT 

From the data summarized in Table 3 and Fig. 6 it is clear that the different 
dusts show a considerable range in fibrogenic activity or collagen production. 
Snowit served as a control in these experiments, and it produced significantly 
more collagen than the mine dust samples. The fibrogenic activity increases in 
the order R; < Ro< R3< Re<Snowit. The amounts of collagen produced by the 
Re and Rs dust samples differ significantly from those of samples R; and Ro. 
Although the regression lines show a tendency for the Ro sample to be more patho- 
genic than the R; sample, the amounts of collagen produced do not differ sig- 
nificantly. 

It is remarkable that the Re dust with a silica content of 66 per cent produced 
more collagen than the original R; sample, which contained 84 per cent silica. 
This finding suggests the presence of a possible fibrogenic factor other than the 


Re Rs Ri Ro 
66-0 76-0 84:0 86:0 
33-0 38-0 42-0 43-0 
62:7 57-0 58-7 64:1 
8-5 5-9 5-7 4-9 5-2 
109-2 42:8 36-8 26:3 31-1 
0-97 11 0-98 0-83 0-97 
12-2 8:1 6-2 48 61 


264 F. M. ENGevsprecnt, B. F. THiart and A. CLAASSENS 


silica content. The order of fibrogenicity of the mine dust samples corresponds to 
their degree of radioactivity, i.e. Re > R3 > R;, and is not related to the silica content 
of the samples. The samples with a high radioactivity enhanced the production 
of collagen during the early stages of the experiments. 

The amount of collagen produced by the Ro sample is slightly, but not signifi- 
cantly, greater compared with the collagen production of R;. Sample Ro, however, 
was treated with acid to remove the radioactive material. KiNG ef a/. (1947) 
found that acid treatment of sericite increased its fibrogenetic properties, and it 
is suggested that acid pre-treatment in this case also increased the pathogenicity 
of the Ro dust to such an extent that it produced more collagen than the R; dust. 

Considering the composition of sample Re which was prepared by sedimentation 
and centrifugation of the very fine dust particles of the original R, sample, it is 
noticeable that this sample contained more radioactive material and less silica 
than the other mine dust samples, but produced more collagen. 

Jones (1933) ascribed the high fibrogenic activity of the South African rock 
to the presence of acicular fibres of sericite. FALLON and BANTING (1935), LEMON 
and HiGGins (1935), Simson and STRACHAN (1935) and Cummins (1937) investi- 
gated the fibrogenic activity of sericite with quite contradictory results. The general 
consensus is, however, that silica is more dangerous than sericite. The higher 
pathogenicity of the Re and Rs samples can therefore, not be ascribed to the presence 
of a high concentration of sericite in these samples. If it were due to the enhancing 
action of radioactive material on the fibrogenic activity of silica support would 
apparently be given to the experimental findings of WATANABE (1957), that the 
natural radioactivity of silicates plays a part in the aetiology and pathogenesis 
of silicosis. In recent experiments, however, we could demonstrate that a relatively 
high concentration of radioactive material in the presence of an inert dust pro- 
duced no silicotic nodules. It would therefore be necessary to suggest that 
radioactive material only accelerates the fibrogenic activity of a pathogenic dust. 

Needle-like structures were observed in lung preparations of the Re and Rs 
groups. Jones (1933), in experiments with the Witwatersrand mine dust, also 
observed similar structures. These structures appeared to be a silica-organic- 
complex which disappeared on incineration. They were never observed in the lung 
preparations of the Snowit and Ro groups. The Ro dust was treated with acid, and 
it might be possible that the acid removed something from the dust, apart from the 
radioactive material, which was responsible for their in vivo formation. 

No correlation was found between the amounts of silica retained in the lungs 
and the amounts of collagen produced. Different amounts of silica were injected 
in the separate groups of animals and the average percentage silica retention in 
the lungs was more or less the same. This means that a smaller amount of silica 
was eliminated from the lungs of the Re and R3 animals. Whether this was due to 
the presence of the radioactive material could not be determined. Great individual 
differences in elimination rates of dust from the lungs were found in the same 
group of animals. If this observation is also applicable to mine workers, it may 
explain why some individuals after 10-15 years underground are not suffering 


from dust disease, while others are totally disabled within two years. 
Individual differences concerning the wet weights of the lymph nodes of the 

same group of animals were also noted. However, the amounts of collagen produced 

in the lungs showed a significant correlation with the wet weights of the lymph 
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nodes. This is not inconsistent with the assumption that radioactive material was 
also eliminated together with silica from the lungs and that it enhanced the fibro- 
genic action of silica in the nodes to the same extent as it did in the lung. 
Although there is a significant correlation between the phosphate contents of 
the lungs and the amounts of collagen produced by the mine dust samples, the 
importance of this finding cannot be assessed at the present moment. 


SUMMARY 

Rats were injected intratracheally with mine dust samples (50 mg/rat) of which 
the silica content ranged from 66 to 86 per cent, and which also showed different 
degrees of radioactivity. The samples all had more or less similar size distributions. 

The histology was followed up to 370 days: the grades of fibrosis were assessed ; 
chemical determinations of collagen, phosphate and silica were done and the wet 
weights of the lymph glands determined. The samples showed a wide range of 
fibrogenic activity which increased in the order R; < Ro< R3< Re<Snowit. The 
mine dust samples with a relatively high radioactivity and low silica content pro- 
duced significantly more collagen than those with a high silica content and a low 
or no radioactivity. 

No correlation was found between the amounts of silica retained and the 
amounts of collagen produced in the lungs of the animals. The weight increases 
in the lymph glands varied for the different samples, but the variations were not 
as large as with the rates of collagen production. There was a good correlation 
between the amounts of collagen produced in the lungs and the weight increases 
of the lymph nodes, as well as between the amounts of collagen and the total 
phosphate contents of the lungs in the mine dust groups. 


The general impression was that the presence of radioactive material might 
enhance the fibrogenic action of silica in the lungs of rats. 


Acknowledgements—We are indebted to the South African Council of Scientific and Industrial 
Research for a grant to defray part of the expenses of this investigation, and to Dr. P. G. 
Marais and Mr. F. J. Haasproek of the Radio Isotope Section, Western Province Fruit 
Research Station, Stellenbosch, S.A., for the determination of radioactivity. 


REFERENCES 


Bevt, T. H. and Kina, E. J. (1945) Med. Res. Council, Spec. Rep. Ser. No. 250. H.M.S.O., London. 

Cummins, S. L. (1937) J. Exp. Med. 49, 163. 

FALLon, J. T. and Bantina, F. G. (1935) Canad. Med. Ass. J. 33, 407. 

Ga.Lieco, J. D. (1948) Proceedings of the Ninth International Congress on Industrial Medicine , 
London p.650. Joseph Wright, Bristol. 

Gorpon, H. and Sweet, H. H. (1936) Amer. J. Path. 12, 545. 

Jones, W. R. (1933) J. Hyg. (Lond.) 33, 307. 

Kina, E. J... Mouanty, G. P., Harrison, C. V. and NAGe_scumipt, G. (1953) Brit. J. Industr. 
Med. 10, 7 

Kino, E. J., Giccurist, M. and Rag, M. V. (1947) J. Path. Bact. 59, 324. 

Kino, E. J., Harrison, C. V., MoHanty, G. P. and NAGetscumipt, G. (1955) J. Path. Bact. 69, 
81. 

LANDWEHR, M. (1948) Gliickauf 81/84, Nos. 11/12, 171. 

Lemon, W. S. and Hiaains, G. M. (1935) Amer. Rev. Tuberc. 42, 243. 

MavrocorpbatTo, A. (1940) J. Chem. Soc., S. Afr. 40, 326. 

Merrer, E. G. and Toerina, A. J. (1945) F.1.A.T. Final Report no. 801. 

Oostuuizen, S. F., Pyne-Mercier, W. G., Ficuarpt, T. and Savace, D. (1959) Med. Proc. 
S. Afr. 5, no. 5, 99. 

Orenstein, A. J. (1957) S. Afr. Med. J. 31, 797. 


266 F. M. Encersrecut, B. F. and A. CLAASSENS 

Prerrerkorn, G. (1950) Arch. Hyg., Berl. 132, 299. 

Report of the United Nations Sct ntific Committee on the Effects of Atomic Radiation (1958), 
Supplement No. 17 (A 3838), New York, 50 

Simson. F. W. and STRACHAN, A. 5 (1955) S. Afr. Inst. Med. Res. Publ. 6, 367. 

F. D. and Sneit, C. 


Chapman and Hall, London 
Sracy. B. D. and Kina, E. J. (1954) Brit J. Industr. Med. 11, 192. 


WarTanape, K. (1957) Tohoku J. Exp Ved. 66, 131 


(1937) Colorometric Methods of Analysis Grd Ed.), Vol. Il, p.490. 


Vol. 2 
1959/6 


ig 
x 
; 
4 
= 


Ann. Occup. Hyg. Vol. 2, pp. 267-273. Pergamon Press Ltd., 1960. Printed in Great Britain 


AUDITORY HAZARDS IN A DIESEL ENGINE 
TEST HOUSE 


R. R. A. Cores, and J. J. KNIGHT 


Royal Navy, and Medical Research Council's Wernher Research Unit on Deafness, 
King’s College Hospital Medical School, London 


(Received 21 December 1959; in revised form 15 March 1960) 


Abstract—A specific noise has been investigated. Its hazardous nature as regards damage 
to hearing has been indicated by noise level measurements, and confirmed by the tem- 
porary and permanent hearing losses found in the workers. Recommendations are made 
for improvement of the situation and periodic review 


Tue literature on occupational noise hazards is very extensive, and already it 
includes information on almost every conceivable kind of noise. Reference to papers 
on any particular type of noise and to actual noise level measurements and spectrum 
analyses will not, however, give the complete picture until more is known about the 
prediction and range of individual susceptibility, the relative effects on the ear of 
single frequencies, restricted-band and broad-band noises, of low-frequency sounds 
and structure-borne vibrations, and about the value of short periods of rest from 
the noise. 

Measurements of the noise itself can nevertheless provide the basis for an 
informed guess as to its likely effects on hearing, and also the basis on which 
advice can be given on the type and degree of ear-protection required, working 
schedules, acoustic treatment of the noisy compartment, etc. But if the hearing 
conservation programme is to be comprehensive it must include otological and 
audiometric examination of the individuals exposed; ideally, a measure of their 
pre-employment hearing should be available, or at any rate their hearing at the 
start of the programme. Then, by repeated testing at intervals, any deterioration 
may be detected at an early stage. 

However, at the start of a hearing conversation study with an existing industrial 
population, which today includes many ex-servicemen, high-tone losses are fre- 
quently found. Many of these individuals present a problem in deciding which of 
several possible noise hazards is responsible for the damage. Measurements of the 
temporary hearing losses occurring at their work may then provide a useful clue 
in deciding, both in individuals and in the noise-exposed personnel as a group, 
whether the permanent high-tone hearing losses found are at least partly due to 


their present occupation. 

The following account of an investigation of a noise hazard is reported as 
an example of how such a situation can be evaluated in this way. In this case 
marine diesel engines were thought to be causing some permanent hearing loss 
among workers who used no ear protection, in testhouses at Blackbrook Farm, 


Fareham. 
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METHODS 

Otological histories were obtained together with clinical and audiometric 
examinations at R.N. Hospital, Haslar, on a series of Monday mornings after the 
workers’ week-end rest from the noise. It can therefore be assumed that any noise- 
induced hearing loss shown in such audiograms ts largely permanent. 

The Amplivox Model 61 pure-tone audiometer, calibrated to the American 
Standard normal threshold of hearing, was used to measure the hearing thresholds. 
The latter are here reported with reference to the more realistic British Standard 
which has recently been shown to apply to investigations of this kind (COoLEs 
and KNIGHT, 1959). 

The intensity of the noise was measured and analysed with a Miniature Sound 
Level Meter and Octave Band Analyser designed by the Admiralty Research 
Laboratory, Teddington. The analyser employs octaves of 25 c/s throughout 
(shown in top scale of Fig. 2), which is slightly different from those later adopted 
as standard (bottom scale of Fig. 2). 


NOISE SOURCE 

The auditory hazard under consideration was mainly restricted to an engine 
testhouse, in which up to four 2-stroke Foden and one smaller 4-stroke Perkins 
diesel engines were more or less constantly running. The types, loads and rev/min 
pertaining to the day on which the noise measurements were taken are shown 
in Table 1; the lay-out of this testhouse is illustrated in Fig. 1. 

In order to reduce the amount of noise escaping into the neighbouring residential 
district, this testhouse received acoustic treatment a few years ago. It amounted 


to provision of a specially designed exhaust chimney, asbestos roofing, resilient 
engine mountings, Tentex panelling, and the routine of always keeping the external 


of engnes 


ting doors for entry 


Foden and Perkins diesel engine testhouse, sites of engines and noise 
measurements. Dimensions of building-——ca. 27 x 40 ft. 
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doors of the building shut. The result was reported to have been very favourable 
as far as the neighbourhood was concerned, and within the building it had been 
noticed that the previously very prominent vibration was much reduced. 


TABLE 1. MECHANICAL DETAILS OF THE NOISE SOURCES AT TIME OF 
NOISE MEASUREMENT 


B.H.P. at 
Type ; Rev/min 1800-2000 Engine no. 
rev/min in Fig. 1 


Foden 2-stroke 


(4090 c.c. 6-cyl) generating electricity 
Foden 2-stroke working with artificial 
(4090 c.c. 6-cyl) load 
Foden 2-stroke 
(4090 c.c. 6-cyl) no load 
Foden 2-stroke 
(4090 c.c. 6-cyl) no load 
pl. 2 P 
erkins 4-stroke 
19/60 (6-cylinder) no load 


FINDINGS 
The maximum noise level was measured alongside one of the Foden engines 
(position I, Fig. 1); it amounted to 116 dB re 0-0002 dyn/cm, although men rarely 
stayed for long as close as this to the engine. In all parts of the building the noise 
level exceeded 90 dB, except in the rest room when it was 78 dB with the door 
shut. Details of the variation of noise level within the testhouse are given in Table 2. 


TABLE 2. OVERALL NOISE LEVELS AT VARIOUS 
POSITIONS 


Situation (Fig. 1.) Overall level in dB 
re 0-:0002 dyn/cm? 
A—with door shut 78 
with door just open 93 
B 102 
106 
D 109 
E 110 
106 
104 
111 
116 


The noise spectrum (see Fig. 2) showed maximum energy in the 200-400 c/s 
octave band; the finding of intense low frequency components being in keeping 
with reports of others who have examined diesel engine noise (e.g. AUSTEN and 
Priepe, 1958). At head level in position H, the noisiest of the actual watch-keeping 
positions, the intensities in the four octave bands from 100 to 1600 c/s all exceeded 
the Damage Risk Criterion of ROSENBLITH ef al. (1953) and still further exceeded 
the more stringent criterion of BURNS and LiTTLeR (LITTLER, 1958). 


2.4-C 


1800 105 
1760 105 2 
1840 105 3 
1560 105 4 3 
1000 65 5 
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A considerable degree of **permanent’’ deafness of a type due to acoustic trauma 
with a dip around 4 kc’/s was discovered. Of the thirteen men examined only six 
had been continuous/y working in the intense noise of the 2-stroke testhouse (average 
period 34 years). All six of these (average age = 40) had hearing losses of 45-60 
dB in one or both ears at 3, 4 or 6 ke/s, and none could be accounted for by an 
ageing factor 

In surveys of hearing with naval personnel, the authors have devised criteria 
for assessing hazardous gunfire noise exposure (KNIGHT and Co ces, 1960). In 
three of the six cases above the criteria were exceeded and, as the effect of gunfire 
noise is indistinguishable from that of diesel engine noise, either hazard might 


account for all or part of their hearing losses. 


(Rosenbiith ef a 


60¢ 


Frequency 


Fic. 2. Analysis of diesel engine noise in testhouse at position H (Fig. 1) relative 
to damage risk criteria (D.R.C.) 


Six of the seven men more intermittently exposed had hearing within normal 
limits; the seventh had bilateral 55 dB losses at 6 kc/s and there was no significant 
history of noise exposure other than fourteen months’ continuous work with a 
large 4-stroke engine in a separate testhouse. Here the overall noise level was 
only 100 dB and the running had been rather spasmodic. On this account it 1s 
felt that the worker concerned may be very susceptible to noise. 

A measurement of the noise-induced temporary hearing losses was made when 
five men were re-examined in a quiet office near the testhouse, on this occasion 
one ear of each subject was tested about 5 min after leaving the noise in which 
the men had been working nearly all that Monday. The other ear was tested after 
a further interval of 5 min. The relation between temporary hearing loss, its recovery 
and the initial hearing loss can be seen in Figs. 3a and 3b. The mean audiograms 
shown can only indicate the general trend; numbers were insufficient to be worthy 
of more detailed statistical analysis, and the apparent improvement in hearing at 
8 ke/s after exposure is an artefact of the kind sometimes encountered with small 
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numbers and especially in this frequency region. The finding of such temporary 
deafness confirms that the noise was an actual hazard to hearing and identifies 
it as the most likely cause of the permanent deafness measured. Fig. 4 illustrates 
the character of permanent and temporary losses in the same ear; in this case 
there is maximum sensitivity to acoustic trauma at 3 kc/s. The temporary loss is 
spread into much lower frequencies, an effect which was previously noted with 
diesel engine noise by SHILLING and Ever.ey (1942). Other men showed maximum 
losses at 3, 4 and 6 kc/s which are similar to the damage caused by exposure to 
other impulsive noises, e.g. gunfire (CoLes and KNIGHT, 1958). 


000 
Frequency, Cc 


Fic. 3a. Mean hearing losses at intervals after 
noise exposure. 


Symbol Noise-free interval Number of ears 


Weekend 
10 min 4* 
ee 5 min 5 


Corrected to British Standard normal threshold 


* One ear excluded on account of conductive deafness 
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Fic. 3b. Temporary hearing losses at two intervals after noise exposure, shown 
relative to the initial hearing level of the actual ears concerned 


Initial hearing N = 4/N 5 ears 


eeeeeeeeee Re-test 10 min after noise N 4 


Re-test 5 min after noise N 5 


Py 
| 
50] 
25 2K 2000 4000 800C 
s 
: | 
§ 5 
£ | 
250 500 000 2000 4000 8000 
3 
4 


R. R.A. Cores and J. J. KNIGHT 


Fic. 4. Audiograms of left ear of S.J.G., age 31 years, showing typical temporary 
hearing loss X ----- X (16 2.59) 


and permanent hearing loss = x (12.1.59) 


orrected to British Standard normal threshold. 


HEARING PROTECTION 

Modern types of ear-plug and ear-muff were available to the men, but, as 1S 
unfortunately a common experience, few were worn. Both forms of protection 
were said to be too uncomfortable for prolonged use, and there was also evident 
a certain degree of shyness at being seen wearing the external muffs. 

The attenuation which can be expected from the V.51-R inserts or the Service 
Mark III muffs is shown by Lirrier (1958) in his Table 1. When this is applied 
to the spectrum of Fig. 2 above, it can be expected that neither Damage Risk 


Criterion would any longer be exceeded w hen either form of protection is worn 


and correctly fitted 


RECOMMENDATIONS MADI 
These were as follows: (i) that Service Mark Ill Ear-Defenders, which embody 
a fluid-seal, be introduced, and that an individual issue and fitting be made to 
reduce discomfort and inefficiency due to incorrect fitting; (ii) that continued 
encouragement be given in order to break down self-consciousness over wearing 
ear-muffs and that instruction be given to emphasize the importance of ear- 


protection®; (iii) that a system of rotation of noisy and non-noisy duties within 
each working day be instituted and that more use should be made of the rest-room 
available; (iv) that periodic review of those adversely affected be made. 


4cknowledgements—The authors are indebted to the various naval authorities who provided the 
necessary instruments and facilities, and in particular to Surg. Capt N. S. Hepsurn, D.P.H., 
D.LH.. R.N. for initiating and assisting the survey 

Thanks are also due to Mr. P. E. Apport and Mr. G. W. Bios of I.C.E. Depot, Blackbrook 
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® Since this investigation was made, the situation has changed in that the men sometimes 
have to work with still noisier diesel engines, and in that most of them have now become reconciled 
to wearing Mark III ear-mufts. 
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Abstract—The personne! monitoring film of a person engaged on y radiography indicated 
an unusually high exposure. Investigations revealed that this was due to the film having 
been left in a drawer near to contaminated equipment. It was found that a sealed source 
had been broken, and leakage had taken place leading to contamination 

Simple wet methods of decontamination were sufficient to reduce radioactivity to 
a negligible level. Medical examination of exposed personnel, including measurements 
of body radioactivity, revealed no ill effects 
Supervision of the use of sealed sources should include frequent examinations for leakage 


by the Wipe Test or one of its variants 


SEALED radioactive sources are finding increasing use in industry, for example in 
non-destructive testing, thickness gauges and other purposes. Whereas in the major 
nuclear industries the health of workers is protected by specialized teams of doctors 
and health physicists, in general industry radioactive materials are usually employed 
as tools in a process, and it is not feasible or economical to have a large staff engaged 
solely in the supervision of safe practice. Nevertheless, the same principles of pro- 
tection as are found in the major nuclear industries must still be applied. HUGHES 
and SHaw (1957) have drawn attention to some of these problems in their descrip- 
tion of the operating and health requirements of a team engaged in y radiography 
of boilers. Recently a sealed source of Co® used by this team was found to be 
defective. Its detection and the subsequent remedial action are described in this 
paper and methods of prevention are discussed. 


CIRCUMSTANCES 


HISTORY OF THE 

The non-destructive testing team use several techniques, of which y radiography 
is one. The sources used for this are Co® and Ir'® both in millicurie and curie 
strengths. 

All members of the team are issued fortnightly with wrist and lapel personnel 
monitoring films to wear when doing radiography. In addition, quartz fibre electro- 
meters are issued for immediate radiation exposure control 

The monitoring films are processed and assessed for radiation exposure by the 
Health Physics department of the Christie Hospital, Manchester. Records of these 
exposure assessments are sent to the officer in charge of the non-destructive testing 
unit and to the medical adviser. The average fortnightly dose recorded per individual 
is less than 100 millirem (mr.). 

During the summer of 1958 a lapel film gave a dose assessment of 1470 mr, 
and the wrist film for the same worker gave an assessment of 2130 mr. Over the 
same period the man’s quartz fibre electrometer recorded only 20 mr. The health 
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Fic. 1. The radioactive source, at the end of a long handling rod, being 
introduced into the tripod holder. 
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physicist responsible for assessing the films stressed that the high readings were 
due to y radiation exposure. 

The worker concerned had been recently engaged on a y radiography job for 
a continuous period of 7 days. The first 5 days of the job corresponded with the 
last days of the previous film badge “fortnight” during which he received 100 mr 
on wrist and lapel badges, whilst the last 2 days of the job were the first 2 days of 
the “fortnight’’ from which the film badges gave high readings. During the re- 
mainder of this fortnight he was not employed in y radiography. This sequence 
is demonstrated in Table 1. 
TABLE | 


Week 2 


Week | adi Week 4 
Weeks non-radiographic non-radiographic 
duties 5 days 2 days 
Film Badge reports wrist badge 100 mr wrist badge 2130 mr 


lapel badge 100 mr lapel badge 1470 mr 


It would appear that the high dose had been received in a period of 2 days. 
The source in use at this time was Ir!9? which was known to be giving a dose rate 
of 20 mr/hr at 2 m. Therefore a dose of about 2000 mr would have required an 
exposure at 4m from the source for about 6 hr. This was soon discounted and 
further interrogation did not reveal any known non-occupational exposure to 
account for the high reading. In fact, the film badges had been left in his workroom 
drawer for the remaining 12 days of the film period. 

The workroom drawer and surrounding area were monitored, and a copper 
cap showing a high degree of contamination was discovered in an adjoining drawer. 
This copper cap had been made as a protective cover over the radiography sources 
while the latter were being manipulated at the end of a long handling rod into a 
small holder under difficult circumstances (Fig. 1). The finding of a contaminated 
cap suggested a defective source capsule, and this was confirmed by discovery of 
contamination of the lead pots used to store the sources. It was found that one 
Co®® source was slightly fractured, as a result of some mechanical shock which 
had caused bending stresses in the region of the source between the source capsule 
proper and the applicator tongue. An extended survey showed that although the 
drawer, table and room in which the copper cap was found were clear, there was 
contaminated equipment in the source store. 

This store is an old damp underground air-raid shelter situated several yards 
away from other buildings and offices. Small areas of the floor of this store were 
found contaminated in addition to the source containers mentioned above. After 
the survey the clothing and shoes of the investigators were monitored and found 
clear of contamination. 


ACTION TAKEN 
The action taken may be considered under four headings: 
(a) Disposal of the defective source. 

(b) Survey for contamination, with decontamination where necessary. 
(c) Medical examination of personnel. 

(d) Preventive measures. 
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(a) Disposal 
The defective source was put in a shielded container which was sealed and 
returned to the Atomic Energy Authority. 


(b) Survey for contamination 

Assistance was obtained from a nearby establishment of the Atomic Energy 
Authority. The presence of contamination on the floor and source containers was 
confirmed and, where necessary, decontamination was carried out using wet 
methods. Contaminated washings and material which could not be decontaminated 
were removed by the Atomic Energy Authority. The highest radiation level recorded 
in the contamination survey was in the order of 10 mr/hr, and after decontamination 
this was reduced to a negligible level, so drastic decontamination measures were 
not required. Any residual contamination was regarded as fixed, and this was 
confirmed by a further survey a few weeks later, which showed no further spread. 


(c) Medical examination 

Co® is enclosed and sealed in a capsule to prevent oxidation and the escape 
of contamination (RADIOACTIVE MATERIALS and Stasi_e Isotopes, 1957). On 
exposure to air the cobalt oxides may escape giving rise to the risk of contamination 
of personnel and exposure to f radiation, in addition to the y radiation which is 
always present. Two possible effects on persons exposed to such a defective source 
must be considered: 


(i) Contamination of the skin which may be damaged due to irradiation by 
particles 

(11) The intake of the radioactive material into the body. 

Since contamination had only occurred in the damp store room, both these 
possibilities were unlikely. Nevertheless it was considered prudent to investigate 
them. 

Complete medical examination, including full blood counts showed no relevant 
abnormality. Measurements of body radioactivity were carried out by the Radio- 
logical Protection Service who reported that, “None of the individuals gave a 
counting rate which was significantly greater than that expected for a person who 
had not been exposed to a risk of ingesting Cobalt-60". 


(d) Preventive measures 

Changes which have been made in design of apparatus and methods of working 
will not be discussed, but the need for the following precautions is stressed. In 
establishments of the atomic industry and in hospital radiology departments, 
where persons are continually engaged on work involving exposure to radiation, 
film badges are worn all the time. In general industry, however, radiation work 
may occupy only part of a man’s time, so arrangements must be made for the 
safe keeping of his film badges, when not in use, in positions where their exposure 
to radiation is reduced to a minimum. 

A sealed source should be examined regularly to ensure that it remains unbroken. 
The preliminary draft of the Factories (IONIZING RADIATIONS) SPECIAL REGULA- 
TIONS (1960) suggests that this should be done every 26 months. It would seem that 
this could involve prolonged exposure if a source became defective soon after 
such an examination. The American regulations on radiation protection have 
recently been reviewed by Harris (1959). In many States special rules are made 
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as conditions of the issue of a licence for a particular type of source (Trout, 1959). 
This may require testing of the sealed source for leakage at intervals of not more 
than six months and not less than seven days by one of the following tests: Scrub 
Test, Immersion Test, Wipe Test, Cellulose Tape Test*. 

The user of a sealed source must specify among other things the frequency with 
which this test will be carried out. A ruling, which has the advantage of flexibility 
is given by the INTERNATIONAL LABOUR OrrFice (1958). It is suggested that sealed 
sources shall be examined for contamination by a qualified expert “‘at intervals 
laid down by the competent authority in the light of the nature of the source and 
the operating conditions.” The period between examinations should not exceed 


one year. 

It is essential that adequate precautions be taken in handling radioactive 
material, not only during the operations but in the supervision of personnel monitor- 
ing devices and the regular inspection of the radioactive sources themselves. 


* (a) Scrub Test. The object to be tested is immersed in a solution which will not attack the 
material of which the container or source holder is made, and which has been demonstrated to 
be effective in removing the radioisotope involved when the object is scrubbed with a brush 
under the surface of the liquid. All surfaces of the object are brushed thoroughly under these 
conditions. The total radioactivity is measured in the residue obtained by evaporation of the 
solution. 


(b) Immersion Test. The object to be tested is immersed in a solution which will not attack the 
material of which the container or source holder is made, and which, under the conditions of this 
test, has been demonstrated to be effective in removing the radioisotope involved. The solution 
is heated to 50+ 5 °C and held at this temperature for 8 hr. The total radioactivity is measured in 
the residue obtained by evaporation of the solution. 


(c) Wipe Test. All exposed external surfaces of the object to be tested are wiped thoroughly 
with a piece of filter paper of high wet strength and absorption capacity, moistened with a solution 
which will not attack the material of which the container or source holder is made, and which, 
under the conditions of this test, has been demonstrated to be effective in removing the radioisotope 
involved. The paper is allowed to dry. Then the radioactivity on the paper is measured. 

(d) Cellulose Tape Test. This test is applicable to a device containing a sealed source, in a source 
holder, which has an opening through which the radiation emerges. This opening is kept covered 
for a minimum of 7 days with a piece of thin adhesive cellulose tape. The tape is removed carefully, 
and the radioactivity which may have been depositied on its adhesive side is measured. 
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Division of Occupational Health, Dept. of Labour, Colombo, 5 


(Received 9 February 1960) 


OCCUPATIONAL health in Ceylon is mainly the concern of the Department of 
Labour. A division of occupational health has been set up within the Department 
in charge of a specialist medical officer. The functions of the division include the 


following: 


The development and extension of health services in industry; the investigation 
of diseases prevalent in industry and of sanitary conditions in industrial and 
mercantile establishments; the prevention of occupational diseases; the improve- 
ment of sanitation, housing and nutrition in industrial and plantation communities; 
and the provision of an advisory and technical consultant service in industrial 
hygiene to government departments, government industrial undertakings, and to 
industry in general 

A central occupational hygiene laboratory has been set up in Colombo, to 
provide facilities for field investigation and the determination of environmental 
exposure to various hazards and to toxic substances used in industry and agriculture. 

In labour legislation, the focus of attention has shifted from immigrant labour 
on plantations to indigenous labour employed not only on estates but also generally 
in factories and mines. The Factories Ordinance, based on the British Factories 
Act, makes comprehensive provision for the health, safety and welfare of workers 
in factories. The Mines and Machinery Ordinance regulates working in mines. 
The Shops and Office Employees Act affords protection to the shop assistant, 
including provisions for health and maternity benefits. The health and welfare of 
the plantation workers are safeguarded by the Medical Wants Ordinance and 
the Diseases (Labourers) Ordinance. Approximately 2611 estates with a labour 
population of 1,278,000 are scheduled under the Medical Wants Ordinance. The 
Government maintains 66 hospitals and 116 dispensaries in the plantation districts, 
for rendering medical aid to the estates in addition to the indigenous population. 
The estates providing 116 estate hospitals and 434 estate dispensaries are entitled 
to proportionate relief from taxation in the form of a rebate on the tea and the 
rubber cess. The Government staff functioning under the Medical Wants Ordinance 
consists of 2 inspecting medical officers for estates, 17 medical officers and 20 
medical officers of health. The Government also carries out environmental health 
work in 65 land development and colonization schemes covering 1414 square 
miles, with a population of 230,864. The provision of medical facilities by 37 
mercantile establishments employing a total of 16,672 workers includes 25 first-aid 
boxes and |! ambulance rooms. Provision of medical personnel includes 2 full- 
time and 10 part-time medical practitioners, and in 9 cases an arrangement with 
medical practitioners in practice in the vicinity of the work-place. Para-medical 
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personnel include 8 full-time apothecaries, 10 dressers and 16 trained first-aiders. 
Records are maintained in 12 mercantile establishments only. There is considerable 
room for improvement in the provision of medical services and first-aid facilities 
for workers in mercantile and other establishments. 

The notification of scheduled occupational diseases is mandatory under the 
Factories Ordinance and the Workmen’s Compensation Ordinance. Information 
regarding the health conditions of workers is obtained mainly through continuous 
observation and study at the work-places. It is, therefore, found necessary to carry 
out as many surveys and inspections as possible of the men and women at their 
work-places in order to collect information and learn as well as teach the precepts 
of health. 
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OCCUPATIONAL HEALTH IN THE NETHERLANDS 


G. C. E. BurGer and R. FRAN! 


(Received 18 February 1960) 


LEAD poisoning seems to be rather less rare in the Netherlands than it ts in England 
In recent years the Factory Inspectorate in the Netherlands has undertaken extensive 
investigations into the incidence of lead poisoning in accumulator and paint 
factories. The TNO Institute of Industrial Sanitary Engineering and the Netherlands 
Institute of Preventive Medicine have also been engaged in these broadly-planned 


investigations, which have not yet come to an end; the two organizations have 

been concerned with environmental and medical examinations respectively. The Vol. 2 
medical examinations were carried out by Zie_Huts, who has incorporated his 1959/6) 
findings in a thesis entitled “Industrial lead poisoning in the Netherlands” ( LEYDEN, 

1959). This work reports 114 cases of lead poisoning for the year 1954; in the same 

year only 47 cases were reported from England, with a population a good four 

times larger. The critically-minded reader is sure to ask whether the same yard- 

sticks for poisoning were applied in England and in the Netherlands. This does : 

seem to be a moot point. It is because ZIELHUIS goes into this matter at length, ae 
and for other reasons, that particular value attaches to his thesis. He follows Paes 
TELEKY in distinguishing three categories or stages of lead poisoning: 


1. Cases where the body displays no reaction whatever; 
2. Cases with symptoms of reaction but no disfunction; 
3. Injury to one or more organs, and disfunctions such as anaemia or lead colic 


Distinguishing these three stages does not altogether settle the difficulty, how- 
‘reaction symptom” 


‘ 


ever, for it is not at all easy to give strict definitions of the terms 
and “disfunction” 

With a view to describing the condition in less ambiguous terms, ZIELHUIS 
ascertained the concentration at which a relatively large number (160) of workers 
manifested a decrease in Hb content, increased porphyrinuria and more pronounced 
basophilic granulation. He found that these three things began to appear in associ- 
ation in any individual exposed over a period of months to lead concentrations 
in air that regularly exceeded 0-15 mg Pb/m*. Zie_nuts placed such individuals in 
the third category. On the grounds of these observations, he declared himself 
strongly opposed to the raising of the MAC to 0-2 mg Pb/m®. Earlier on (Pro- 
ceedings, 12th Intern. Congress on Occupational Health, Helsinki 1957) he had 
dealt in detail with a method of determining the basophilic granulation of eryth- 
rocytes. For the most part he used Lane's system of staining and dark-field 
illumination, which makes it possible to distinguish clearly between the coarse- 
grained basic-staining erythrocytes and the more finely grained reticulocytes. It 
has proved possible in this way to reduce considerably the spread in counts of 
basophilically grained erythrocytes, and this in its turn has made observations 
more accurate. 
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Coproporphyrin content was determined by DONATH’s method. Originally 
described in a Netherlands periodical, and now quite widely adopted, the procedure 
was intended to provide a simple screening method that could easily be employed 
by practising industrial physicians. The test is performed in the following manner. 
Urine is shaken up thoroughly with ether and glacial acetic acid in the usual way, 
and a test tube filled with it is placed in the apparatus designed by DONATH. Here, 
under constant and uniform conditions of irradiation with ultra-violet light, the 
fluorescence colour and intensity of the sample are compared with those of stand- 
ards. The standards take the form of small filter papers that have previously been 
soaked first in a 160 mg/! solution of Vortex RP (Ciba) and then in various 
concentrations of rhodamine B. The mixture of these two substances causes the 
filter paper to fluoresce with a colour and intensity corresponding to a definite 
concentration of coproporphyrin. DONATH prepared 8 standard colours. If the 
concentration is less than that corresponding to standard 3 ( < 200 y/1) the con- 
dition of the individual under test is normal. Standard 4 (200-400 y/1) is dubious, 
and standard 5 (400-800 y/1) is pathological. 

The reader will know that a symposium on maximum allowable concentrations 
of toxic substances in industry was held in Prague in April 1959. A description 
of research such as that carried out by ZIELHUIS gave rise to an interested audience, 
mainly because the lead concentrations to which employees had been exposed 
had been determined with great accuracy (Hartogensis, TNO Institute of Industrial 
Sanitary Engineering). ZieLHUIs was able to cite actual cases to show that anaemia 
and other clear symptoms of poisoning appeared amongst groups of workers 
exposed to concentrations higher than 0-15 mg/m*. Here his views conflicted with 
those of Kenor, a well-known American investigator who has had long experience 
in the field of lead poisoning. KeHoe held that a concentration of 0-2 mg/m® is 
harmless, pointing to the results of tests on volunteers whom he had exposed to 
this concentration for 8 hr/day over a period of several months. We may be 
sure that both workers only came to these conclusions after investigating the 
matter carefully and at length, and one may well ask why their conclusions were 
different. At the moment it is still impossible to give a clear explanation. It may 
have been that some subjects were absorbing lead from other sources or per os. 
This goes to show, once again, that the MAC values in force in Western Europe 
and the United States do not rest on an entirely secure foundation. 

In a paper submitted to the Prague symposium by a group of Dutch investigators 
(BURGER et al.) it was proposed that MAC lists should not in future be compiled 
on the basis of a single figure for each substance; the lists should quote a set of 
values, such as limiting concentration at which symptoms of poisoning appear, 
corresponding values for biological material (urine, blood, faeces etc.), the highest 
and lowest values given in the literature, LDs50 values for various experimental 
animals, the lowest peak concentration stated in the literature to be lethal, and 
also the lowest concentration undesirable for persons who are particularly sensitive 
by reason of illness or allergy. In this way the user of MAC lists would get a better 
impression of the breadth of the toxicity range of harmful substances. 

Comparison of the precautionary measures and safety regulations usual in 
food toxicology with the rules and recommendations of industrial toxicology 
will immediately reveal that the former are much more rigorous, taking account 
of the risk of cumulation and the fact that some individuals are hypersensitive. 
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This stricter viewpoint is manifested in the use by food toxicologists of what they 
call a safety factor. In the Netherlands and elsewhere they usually fix permissible 
concentrations at a value that is only a fraction (reciprocal of the safety factor) 
of the dose just capable of having a harmful effect; this fraction may be 1/10 or 
less. Industrial toxicologists will not normally be able to go quite so far, for 
technical and economic reasons; nor have they any need to take account of young 
children and persons who are seriously ill, as food toxicologists have to do. But 
even so, one thing that is clear from Kenoe’s and Zre_nuts’ observations is that 
the accepted MAC values for lead imply a safety factor which differs relatively 
little from unity. Any long-term policy aimed at eliminating occupational injury 
and disease altogether must include a reduction of existing industrial concentrations 
to values considerably lower than the MAC values currently accepted 

The relatively high incidence of lead poisoning in the Netherlands has occasioned 
the writing of another thesis, namely J. pe Brutin’s “Some obervations about the 
incidence and therapy of industrial lead poisoning”. De Bruin used both DONATH’s 
method and the method of VAN ZONDAG and VAN KAMPEN for determining cop- 
roporphyrin content for a number of individuals. He found that the results obtained 
with DONATH’s apparatus were too low, especially those for higher concentrations. 
In some cases the method of VAN ZONDAG and VAN KAMPEN provided values three 


times as high 

It is therefore clear that, taken over the whole range of abnormal coproporphyrin 
content, the degree of agreement between the two methods is not entirely satis- 
factory. The reason for the discrepancies will have to be cleared up by furthe 
investigation. The simple technique of DoNATH’s screening method, which is mainly 


intended for determining moderate concentrations (lower than 400 y/1), makes 
it so attractive that a great deal of importance must be attached to clearing up the 
question of its reliability, and if necessary finding ways of making it more reliable. 
In the meantime we feel that pe BRUIN’s investigations have not provided any real 
evidence that Donatn’s method is insufficiently reliable for screening purposes. 
De Bruin’s thesis places the main emphasis on the symptomatology of lead 
poisoning, and on what he has learned from ambulant treatment of the condition 
with small doses of Ca-EDTA (250 mg/day), intravenously. De Bruin collected 
his data in his capacity of industrial physician in an accumulator factory, the 
employees of which he examined at monthly intervals. The relatively low dosage 
of Ca-EDTA employed by him proved to be quite effective in the cases of poisoning 
that occurred despite every possible precaution. We may presume that in these 
cases lead had not been absorbed over a long period, forming deposits in the tissues. 
De BruIN was able to confirm MOrsCHLIN’s observation (Schweiz. Med. Wochen- 
schrift no 34, 1957) that the administration of large doses of Ca-EDTA may have 


a harmful effect on the kidneys. 
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K. W. JOrTEN and W. K.LosterkOrrer: Die Staublungenerkrankungen, Band 3. (Wissenschaftliche 
Forschungsberichte Naturwissenschaftliche Reihe, Band 66). Dr. Dietrich Steinkopff 
Verlag, Darmstadt, 1958. XV1+607 pp., 62 DM, 65 DM, bound. 


Tuis ts a report of the Third International Pneumoconiosis Conference held at Miinster, Germany, 
on 29-31 October 1957. Previous conferences had been held at Minster in 1949 and 1953 and 
all had been organized by Professor K. W. JOTTEN who died a few months later in the spring of 
1958. The conference proceedings contain, on 600 pages, 64 papers, most of them illustrated, 
and about 80 pages of discussion, which is about twice as much as the report of the first conference. 
There is an author index but no subject index 

As a whole the volume gives a fair cross-section of recent trends in pneumoconiosis research 
with a large emphasis on fundamental work “Grundlagenforschung”™. Although dust measurement 
was one of the main topics there were only two papers, one describing a battery-operated membrane 
filter sampler from CERCHAR, the French equivalent of the Mining Research Laboratory of 
the N.C.B., the other describing a technique of pre-shadowing thermal precipitator or konimeter 
dust samples so that they can be used for study by light and electron microscopy. 


The arrangement of the conference report is as follows 

175 pages 

177 pages 
32 pages 
10 pages 


1S papers on fundamental research 
18 papers on animal experiments 
3 papers on electron microscopy 
2 papers on dust measurement 
10 papers on emphysema and bronchitis in pneumoconiosis 114 pages 
1S papers on miscellaneous subjects i ii 130 pages 

The “fundamental research” and “animal experiments” parts of the conference were dominated 
by attempts to elucidate the mechanism of the development of the silicotic nodule, and by argu- 
ments for and against the silica solubility theory of silicosis, subdivided according to whether 
monosilicic or polysilicic acid is the noxious agent 

In a very long opening paper experiments are described on epitaxy, oriented crystal growth 
of certain amino acids, mainly alanine, glycine and hydroxy-proline, on etched quartz, tridymite, 
talc, glass graphite and other surfaces. These are model experiments undertaken to support the 
matrix theory of silicosis according to which protein is adsorbed on the surface of the quartz 


“catalyst” and causes the formation of “fibres”. In this crude form the theory is untenable and 


there was much criticism of it. For instance, in paper 2 it is shown that silica surfaces show only 
weak chemisorption effects, and although certain catalytic effects could be demonstrated it is 
very unlikely that the long-range order required by the matrix theory could be obtained in 
biological systems. 

The monosilicic acid adherents (paper 9) showed that monosilicic acid could promote the 
hydrolysis of organic phosphate esters, and argued that this might cause cell damage. In another 
paper (No. 10) the opposite effect, a slight inhibition of glucose 6—phosphatase activity by mono- 
silicic acid, was demonstrated which may or may not, according to the authors, cause cell damage. 
Both effects are weak and slow. In paper 8 a detailed study is presented based on calculations 
and observations by paper chromatography of the polymerization and depolymerization of silicic 
acid. The author thinks that the data could perhaps, with the addition of many as yet unknown 
steps, support the monosilicic acid solubility theory. 

Another long and detailed investigation of certain enzyme reactions (paper 11) ends with the 
comment that only very high concentrations of polysilicic acid cause non-specific inhibition and 
that the work described serves only to show that if monosilicic acid is the causative agent it does 
not act by means of the enzyme systems studied; these were cytochrome-c oxydase and succinic 
acid dehydrogenase. 

VIGLIANI, PeERNis and Mottura (paper 12) gave an account of the observations which led them 
to consider the formation of hyaline material in silicotic nodules as an immunological reaction. 
As a good account of their work has later appeared in Brit. J. Industr. Med. (15, 8 (1958)) it need 
not be reviewed in detail here. Successful animal experiments demonstrating the occurrence of 
antibodies after injection of various modifications of silica were described (paper 13), and tests 
with working miners gave a positive reaction perhaps more frequently than with non-miners. 

Quantitative animal experiments made in order to evaluate the hazard of industrial dusts 
appear to have made some progress. GLOMME (paper 16) worked with the intratracheal injection 
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of a single quartz sample into rats and showed the effects of dosage and time after injection on 
histology, lung weight and amount of collagen. The lung weights showed, surprisingly, less scatter 
than the collagen values. Rivers and Morris (paper 17) used intravenous injection into mice 
and measured the amounts of collagen in the liver. Their preliminary results were promising. 
KING and STacty (paper 18) gave details of their technique of collagen determinations which can 
be used with fresh and formalin-fixed tissues, and they showed applications to a number of animal 
experiments. The data supplement the histological results satisfactorily. All three groups used 
modifications of the Neumann-Logan technique of determining hydroxyproline in order to 


measure collagen 


“Silicosis” of coal miners is quantitatively the most important form of pneumoconiosis in 
Western Germany. Co-operative work of a number of laboratories to assess and understand the 
hazard of coal mine dusts is described in paper 31. Pure coal dusts of varying rank, mixtures of 
these coals with quartz and one shale dust were tested in rats by intratracheal and intraperitoneal 
iniection. and in mice by intraperitoneal injection techniques. The results obtained so far are 
about the same as had been obtained previously by Bett and KinG (M.R.C. Special Report 
Series no. 250, 1945) with coals from South Wales. 

\ number of experiments with amorphous silica were described. According to paper 19, 
size of the primary particles and solubility appear to be important factors. After intraperitoneal 
iniection of 50 mg into rats the finest and most soluble sample (80 A dia.) was highly toxic and 
produced no fibrosis, the coarsest (600 A) was only a little toxic and produced some fibrosis, 


the third sample 


being intermediate in every respect. STRECKER (paper 20) reported work on 


Aerosil. This material is so soluble and toxic that its fibrogenic activity cannot be measured. 
If its surface is rendered temporarily insoluble by esterification the formation of collagen fibrils 


ind of hyaline ma 


terial can be seen after intraperitoneal injection into mice, but this is a temporary 


effect as the material is subsequently dissolved. Vitreous silica of 1 « size produced lesions which 


were much more 


groups at the surface was 


those produced by quartz. The same technique of blocking SiOH 
sed with quartz and vitreous silica. This delayed the onset of fibre 


similar 


formation for a few mort and it also avoided the occurrence of necrosis which makes the 
study of the early silicotic reaction difficult if injection techniques are used 

Experiments with nber of crystalline and amorphous modifications of silica by intra- 
peritoneal injection into rats (paper 22) showed that the crystalline modifications were more 
fibrogenic than the amor us ones, but whether or not the latter caused “silicosis” depended 
on what criterion was ad ed. Up to eight months after injection the amorphous forms did not 
produce lesions with ny e centres, but earlier stages of such lesions were seen. This led to a 
lone and inconclusive discussion. Aluminium and other protective dusts were studied in rats 
exposed to quartz dust inhalation. A salt aerosol (Wiesbadener Kochbrunnen) which was fashion- 
able a few vears ago for preventing silicosis was found to be as inert as iron and aluminium 
chlorides. but neutral aluminium hydroxide did prevent, or at least considerably delay, the de- 
velopment of silicotic mn es (paper 63) 


Three papers (nos. 25-27) dealt with the elimination rate of inhaled dust from the lungs of 
rats and mice. This rate appears to be the higher the smaller the initially deposited dose of dust 
had been. More detailed results in this field have been published subsequently, for instance by 
KLOSTERKOTTER (1959), Arch. Hyg. Bakt., 143, 112 

Evidence for the presence of amorphous silica in silicotic lung residues is given in paper 6. 
The amounts are small, of the order of 1-6 per cent of the lung dust. The amorphous silica is 


deduced by calculation fron 


the mineral content of the lungs, which is not very accurately known, 


and the evidence is not conclusive. However, it is claimed that the more advanced the silicosis, 
the higher the proportions of amorphous silica in the lung dust. In paper 32, arguments based on 
lung dust analyses are presented against the opinion that pneumoconiosis of coal miners is caused 
by quartz. An electron microscope study on three human subjects of dust deposition in various 


parts of the lung as funct 


on of size of dust and breathing rate (paper 28) showed high alveolar 


deposition values, of the order of 90 per cent of the material inhaled, for dust particles below 
1 u. This is considerably more than had been found previously by Brown ef al. (1950), Amer. 
J. Publ. Health 4, 450 

As time goes on, the assessment of disability caused by pneumoconiosis is more and more 
complicated by awareness of disability caused by chronic bronchitis and emphysema. These 
usually combined conditions may be due to cigarette smoking, air pollution, various infections 
and age in general, as well as to dust exposure, and ten papers were devoted to chronic bronchitis 
and emphysema in pneumoconiosis or silicosis. (In German terminology silicosis usually includes 
all forms of pneumoconiosis except asbestosis and aluminosis. ) 

In an introductory paper (no. 40) a morphological description of emphysema and a classi- 
fication of is causes is given, followed by statistics based on autopsies from hospital patients. 
These show that miners without pneumoconiosis have more emphysema than non-miners, cor- 


responding approximately to an age shift of 10 years, and that increasing degrees of silicosis are 
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correlated with increasing amounts of total and severe emphysema. In contrast to this, a study 
of nearly 10,000 working miners from Germany (paper 41) did not show any clear difference in 
frequency of bronchitis or of emphysema (assessed clinically and by X-ray), related to presence or 
stage of silicosis. Practically no emphysema was found with less than 15 years dust exposure 
underground, but whether the subsequent increase with length of service was due to age or dust 
could not be evaluated. In the same paper it is shown that tests of lung function during dusty 
work underground, or in very high dust concentrations in the laboratory, did not cause bronchial 
spasm or any other reduction of lung function. However, long-continued exposure to dust may 
cause increased secretion of bronchial mucus and thus finally lead to bronchitis; severe alterations 
of the bronchial lining seen in dogs exposed to dust in coal mines for 6 years are described in 
paper 42. 

Paper 43 describes a new Dutch fast-registering catharometer and its use for measuring abnor- 
malities of lung ventilation, and in paper 44 attempts are made to explain the mechanism of 
functional disturbance by a battery of tests which include ergospirograph records, blood analyses 
and isotope thoracography. The anatomical evidence for the origin of cor pulmonale is presented 
with detailed illustrations in paper 45. The primary effect is the alteration and obliteration of 
blood vessels, This is said to lead to formation of thrombi and of pulmonary sclerosis and, together 
with inflammatory processes, to hypertension and finally to the development of cor pulmonale 
Lung elasticity can be measured after death (paper 46) and it is concluded from such measurements 
that from the age of 55 years onwards there is a gradual loss of elasticity. This loss will lead to 
a diffuse emphysema which is described as ‘constitutional’, and its distinction from exogenous 
emphysema due to other causes is discussed. The main criterion is the discrete localization of all 
exogenous forms of emphysema. Whether over-exertion or pressure after inhalation during 
life could lead to such loss of elasticity appears doubtful. 

A comparison of prevalence of bronchitis, chest symptoms and ventilatory capacity in coal- 
miners and non-miners from Britain (paper 47) showed that the miners suffered considerably 
more than the non-miners from bronchitis and emphysema, but there was no clear difference 
amongst the miners related to the X-ray category up to grade 3 of simple pneumoconiosis. A 
similar study from Holland is reported in paper 48. Underground workers and men doing 
heavy manual work at the surface of a colliery showed no clear difference for the Tiffeneau test 
and only a small increase in residual lung volume for the underground workers. According to the 
author it cannot as yet be said whether and to what extent chronic bronchitis and emphysema 
in coal-miners should be considered as occupational diseases. 

Studies of the maximum breathing capacity and oxygen saturation of arterial blood of 76 
men working in the ceramic industry are described in paper 49. The degree of silicosis ranged 
from nil to grade I-II, and a distinction is made between years of exposure to dust (A) and years 
during which the dust did act, (B), the latter including years at work without a dust risk sub- 
sequent to dust exposure. M.B.C. was lower for the men with silicosis but there was no correlation 
between lack of function and degree of silicosis. Oxygen saturation also was not related to silicosis. 
It is concluded that in general (B) is preferable to (A) for describing the development of X-ray 
changes and functional damage. (B) also was better correlated with age. According to the author 
X-ray and functional changes are both due to dust, but progress independently of each other. 

In paper 50 a general review is given of the medical supervision of men exposed to a silicosis 
risk in Germany. The different Acts under which this work is carried out are quoted. The scale is 
considerable, for instance in 1956 there were 83,000 initial and 133,000 follow-up examinations of 
coal miners from the Ruhr, mostly done by full-size films. The total number of men employed 
in the industry at that time was 330,000. Questions of medical preventive policy are discussed. 
If signs of X-ray abnormalities develop rapidly in younger men a change of work is indicated, 
but the older the men are, the less is such change desirable or justifiable. 

Paper 51 deals with the origin of what is known in this country as PMF. Confluent masses 
were isolated from 82 cases of silicosis, probably of coal miners. Macroscopically there was 
evidence of tuberculosis in 15 of them, and guinea-pig inoculations gave 13 positive results; 
65 of the 67 macroscopically Tb-negative samples were also negative in guinea-pig inoculations. 
It is concluded that tuberculosis may cause massive lesions in some cases of silicosis but in others 
it is more likely that the massive lesions are due to confluence of smaller dust lesions. 

Paper 50 reviews progress made in the treatment of silico-tuberculosis by the newer chemical 
drugs and antibiotics. Of 400 sputum-positive cases of silico-tuberculosis with cavitations which 
came to a German hospital between 1937 and 1947 and received no drug therapy, less than 50 
per cent survived for 2 years and only 20 per cent for 8 years. A similar group of 150 cases admitted 
in 1949 and 1950 did receive drug therapy; 93 per cent survived after 2 years, and 70 per cent 
after 8 years. 

A new form of pneumoconiosis is described in paper 54. It is found in the manufacture of 
cutting tools based on tungsten carbide (Hartmetall). It appears to be a diffuse rather than nodular 
type of fibrosis. Exposure times leading to it may be as short as 2-4 years, and several deaths 
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have occurred. The aetiology is doubtful as yet because the dust causing it contains oxides and 
carbides of tungsten, tantalum and titanium as well as cobalt metal. The disease was added in 
Germany in 1957 to the list of industrial dust diseases which qualify for compensation 

Papers 55-60 deal with various other forms of pneumoconiosis That due to grain dust found 
in England in dock and silo workers and flour millers appears to be rare and it does not seem to 
be particularly well defined. Diatomite workers in Germany, especially those working with calcined 
diatomite, show a mixed form of fibrosis which is partly interstitial and partly nodular. An X-ray 
survey of German kaolin workers showed a few cases of X-ray abnormalities, but no autopsies 
were made and there was no mention of disabilities observed. The dust was said to be mainly 
kaolin with 10-30 per cent of quartz. Another paper describes the radiological changes in advanced 
cases of asbestosis. A study from Hungary of silicoss in the silica brick industry (paper 64) is 
based on X-ray and functional tests, and shows that both rapidly and slowly developing forms 
occurred 

Polarographic serum analysis (paper 61) showed good discrimination between cases of silicosis 
with inactive and with active tuberculosis. In active tuberculosis the proportion of y-globulins 
appears to be increased, and it is likely that this increase is due to muco-protein fractions. Differ- 
ences between normal and silicotic coal miners were also found in a study of excretion of 
17-keto-steroids (paper 62) 

In the preceding paragraphs the range and content of the conference proceedings have been 
indicated. Although a considerable proportion of the subject matter has been published subse- 
quently in scientific journals, this is by no means true for all contributions. The volume under 
review gives a good picture of recent work in this field and should prove very useful to any 
laboratory concerned with pneumoconiosis research 

G. NAGELSCHMIDT 
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